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The first four papers in this issue of Telopea are a sample of those presented at the 
2006 Australian Systematic Botany Society (ASBS) conference. This conference, held 
13-15 November 2006 at James Cook University (Cairns) was the first ASBS meeting 
in the tropics for more than a decade. Over 60 local and international delegates heard 
40 presentations on a wide range of topics in plant systematics and evolution. This is 
the first time Telopea has published papers from an ASBS meeting as a group. It is our 
hope that it is the beginning of a tradition. 
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Abstract 

Phylogenetic analysis of 69 ingroup-taxa of Pomaderreae using frnL-F sequences confirm the 
monophyly of the tribe. The analysis was impeded by a paucity of informative characters and 
the presence of apparently homoplasious indel characters and base changes within the P8 region 
of the frnL intron: the strict consensus tree of the triiL-F analysis is less resolved and had fewer 
supported clades than in a previous ITS analysis (Kellermann et al. 2005). The backbone of the 
cladogram is not supported and relationships between genera/clades are somewhat uncertain. 
The genera Cryptandra, Stenanthemum and Polianthion are well supported. Pomaderris groups 
with Siegfriedia and Trymaliutn, but only individual clades within these genera receive support. 
Blackallia biloba is related to two atypical species of Stenanthemum and B. connata to Cryptandra, 
but this grouping depends on the exclusion of homoplasious indel characters. Species of 
Spyridium only group in one clade when these indels are excluded, otherwise they are located 
in a polytomy at the base of the cladogram. The results mostly agree with earlier findings using 
ITS sequence data. Two new genera containing atypical species of Stenanthemum are suggested. 
A synopsis of the Australian genera of Rhamnaceae is provided. 
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Introduction 

Australia has a very rich Rhamnaceae flora with about one quarter of the world’s species 
(c. 250 out of 950) occurring in the country. The majority of species (over 90%) belong 
to the tribe Pomaderreae, which is almost endemic to Australia. The remaining 10% 
of species are mostly from genera that are also widespread in the Malesian or Pacific 
region, and some species occur in southern Australia. A synopsis of the Australian 
genera of Rhamnaceae is presented in Table 1. 

Species of Pomaderreae are found mainly in the temperate to semi-arid southern regions 
of Australia, but some occur in the tropical north, and arid centre of the continent, and 
eight taxa are found in New Zealand. There are about 230 species, which are currently 
classified in eight genera (Table 1). The complex taxonomic history of the major genera 
in the tribe is reviewed in Kellermann et al. (2005) and Kellermann (2007). 

The tribe has been the focus of recent and on-going research in the Australian 
Rhamnaceae. Walsh revised Pomaderris and published an infrageneric classification 
of the genus (e.g., Walsh 1988, 1990; Walsh & Coates 1997). Rye (1995, 2001) 
re-instated the genus Stenanthemum and revised species from Western Australia (e.g., 
Rye 1996b). 


Table 1. Currently accepted genera of Australian Rhamnaceae. 

Tribal classification follows Medan & Schirarend (2004) and Richardson et al. (2000b). Six genera of 
Rhamnaceae are not assigned to a tribe: five of these occur in Australia. 


Tribe 

Genus 

Species in Australia 

Pauureae Reissek ex Endl. 

Hovenia Thunb. 

1 (introduced) 


Ziziphus Mill. 

4 

Colletieae Reissek ex Endl. 

Discaria Hook. 

2 

Phyuceae Reissek ex Endl. 

Noltea Rchb. 

1 (introduced) 

Gouanieae Reissek ex Endl. 

Gouania Jacq. 

2 

Pomaderreae Reissek ex Endl. 

Blackallia C.A.Gardner 

2 


Cryptandra Sm. 

c. 55 


Polianthion K.R.Thiele 

4 


Pomaderris Labill. 

c. 70 


Siegfriedia C.A.Gardner 

1 


Spyridium Fenzl 

40-45 


Stenanthemum Reissek 

c. 30 


Trymalium Fenzl 

13 

Rhamneae Hook.f. 

Dallachya F.Muell. 

1 


Rhamnus L. 

2 (1 native, 1 introduced) 


Sageretia Brongn. 

1 

Ventilagineae Hook.f. 

Ventilago Gaertn. 

3 

Genera incertae sedis 

Alphitonia Reissek ex Endl. 

5 


Colubrina Rich, ex Brongn. 

1 


Emmenosperma F.Muell. 

2 


Granitites Rye 

1 


Schistocarpaea F.Muell. 

1 
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An atypical species of Pomaderris was excluded from the tribe and segregated into its 
own genus, Gtanitites (Rye 1996a). Thiele & West (2004) and Thiele (2007) elucidated 
the delimitations of the genera Cryptandra, Spyridiutn and Stenanthemum. Bean (2004) 
published new species of Cryptandra and Stenanthemum for Queensland. Kellermann 
(2006b, 2007) clarified the position of several Spyridium taxa that were misplaced in 
other genera. The revision of the south-eastern species of Cryptandra has resulted so 
far in three publications (Kellermann 2006a, 2006c; Kellermann & Udovicic 2007). 
Kellermann et al. (2005) published a molecular phylogeny using ITS sequence data, 
as a result of which a new genus, Polianthion K.R.Thielc, was established (Kellermann 
et al. 2006), 

The ITS phylogeny confirmed the monophyly of Pomaderreae, corroborating earlier 
results by Richardson et al. (2000a) and Fay et al. (2001). The clades found in the strict 
consensus tree were mostly consistent with the currently accepted genera in the tribe. 
Some species were clearly misplaced, but re-examination of the morphology of these 
species confirmed their placement in the molecular phylogeny. The major genera/ 
clades, except Stenanthemum and Blackallia, received moderate to strong bootstrap 
and jackknife support. Stenanthemum was split into two well-supported clades with 
the atypical St. gracilipes inserted in between the two clades. Blackallia biloba and 
St. grandiflorum were sister taxa, and not allied to any of the remaining genera; 
B. connata was placed in Cryptandra. 

This study was initiated to clarify questions that could not be resolved in the analysis 
of ITS data (Kellermann et al. 2005) and to augment the molecular data-set available 
for Pomaderreae with sequences from the trnL-F region of cpDNA. In this paper, 
the resulting phylogenies of the trnL-F analysis are presented and we report on the 
presence of unforeseen problems relating to the structure of the trnL-F region, which 
hampered and complicated the cladistic analysis of the data. The results add to the 
base of knowledge needed for the completion of the Flora of Australia treatment of 
Rhamnaceae (K.R. Thiele, F. Udovicic, N.G. Walsh & ]. Kellermann, in prep.). 


Materials & Methods 

Sixty-nine ingroup taxa were sequenced from all genera of Pomaderreae. The outgroup 
consisted of five species from related tribes of Rhamnaceae. Voucher and collection 
details are listed in Appendix 1. Manuscript names of taxa are used as they are listed 
in FloraBase (http://florabase.calm.wa.gov.au) at the time of writing (Mar. 2007). In 
this paper, the abbreviations used for the genera Pomaderris, Polianthion, Siegfriedia, 
Spyridium and Stenanthemum are ‘P.\‘Pol.’, ‘Si.’fSp.’ and ‘St.’. 

Choice of DNA region 

The trnL-F region consists of the complete trnL intron, trnL 3’ exon, and the intergenic 
spacer (IGS) between the trnL and the trnF genes of the chloroplast genome. These 
genes encode the chloroplast’s transfer RNA for Leucine and Phenylalanine, respectively. 
Both the trnL intron and the trnL-F IGS are non-coding regions. The trnL intron is the 
only group I intron in the chloroplast genome and has a conserved secondary structure 
(Simon et al. 2004). 
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The fr/zL-F region was first used in phylogenetic analyses of Gentiana L. (Gielly & 
Iaberlet 1994) and Crassulaceae (Ham et al. 1994). Currently, it is applied in studies 
at all taxonomic levels. Borsch et al. (2003) used the trnT-trnF region, which includes 
the frnL-F region, to infer a phylogeny of basal angiosperms. Most frequently, however, 
frzzL-F is used for infrafamilial studies, e.g., in Araliaceae (Plunkett et al. 2004), 
Gentianaceae (Yuan et a!. 2003), Oxylobium Andrews and related genera (Crisp & Cook 
2003), or Acacia Mill. (Murphy et al. 2000). 

The region has already been employed to examine the relationships of Rhamnaceae 
with other families (Sytsma et al. 2002; Thulin et al. 1998), to resolve the tribal limits 
of the family (Fay et al. 2001; Richardson et al. 2000a, b), and in studies on the genera 
Ceanothus Mill. (Islam & Simmons 2006), Phylica L. (Richardson et al. 2001) and 
Rhamnus L. s. lat. (Bolmgren 8c Oxelman 2004). 

DNA isolation and sequencing 

Genomic DNA was isolated using the method described in Kellermann et al. (2005). 
A few samples of the fr/zL-F region had to be purified using the QIAquick Gel Extraction 
Kit (QIAGEN). The fr/iL-F region was amplified using the primers designed by Taberlet 
et al. (1991). For most species the whole region was amplified with primers C and F 
with one hold at 95°C for 15 min preceding 30 cycles of 94°C for 30 s, 58°C for 30 s, 
72°C for 30 s, and followed by one hold at 72°C for 5 min. In other species, the trn L 
intron and the frnL-F IGS had to be amplified separately using primer pairs C/D and 
E/F, respectively. While the fr/iL-F IGS amplified readily, the annealing temperature 
frequently had to be lowered to 55°C or 52°C when amplifying the fr/iL intron. Some 
species with a low yield of genomic DNA, in particular from herbarium specimens, 
had to be amplified with a semi-nested PCR protocol (Udovicic 8c Murphy 2002) using 
products from a previous amplification with primers C and F as template for a second 
round of PCR. In this second round the fr//L intron and the fr/zL-F IGS were amplified 
using the primer pairs C/D and E/F, respectively, and a lower annealing temperature of 
55°C. Amplification with primers C and F in the second round of PCR was unsuccessful, 
a fact already noted by Richardson et al. (2001) for other species of Rhamnaceae. 

Phylogenetic analysis 

Sequences were aligned as outlined in Kellermann et al. (2005) and analysed using the 
computer program PAUP*, version 4.0bl0 (Swofford 2002). Individual base positions 
were coded as unordered multistates and gaps were treated as missing data. Insertion/ 
deletion (indel) characters were coded as single binary characters. Uninformative 
characters were excluded from the data matrix. 

A two step search was employed, since the computer ran out of memory when using a 
more straightforward search strategy (e.g., Kellermann et al. 2005). In the first round, a 
heuristic search was performed with 1000 replicates using random stepwise addition of 
taxa and TBR branch swapping. Only five trees were held in each replicate. All shortest 
trees collected in the 1000 replicates were then used as starting trees for a second 
round of heuristic search. All trees were swapped to completion, or until a maximum 
number of 10,000 trees was produced, at which point the search was limited and the 
10,000 trees saved were swapped. Strict consensus and majority-rule consensus trees 
were calculated for the 10,000 equally parsimonious trees. Trees were rooted using the 
outgroup taxa (Maddison et al. 1984). 
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To test the support for nodes in the tree, both bootstrap (Felsenstein 1985) and jackknife 
(Farris et al. 1996) values were calculated in PAUP*. Bootstrap analysis was carried out 
with 1,000 replicates, TBR branch swapping and a limit of 1,000 trees per replicate. To 
calculate jackknife values, the ‘Jac’ emulation as implemented in PAUP* was performed 
with 100,000 replicates and 37% deletion, using the fast heuristic search option. 


Results 


Sequences 

Sequences were obtained for 69 species of Pomaderreae and five outgroup species from 
related tribes. Two accessions were obtained for each of six taxa to test infraspecific 
variation: Cryptandra amara, C. mutila, Siegfriedia darwinioides, Spyridium globulosum, 
Sp. parvifolium and Trymalium ledifolium. The sequence variation between two 
sequences of the same species was si.6% in all cases and in some cases, sequences were 
identical. Because of the low sequence variation, only a single sequence of each species, 
the first listed in Appendix 1, was used in the analysis of the trnL-F sequence data. 

Large indels 

In the alignment of the trnL-F sequences, several large indels were identified. In 
particular, one deletion of approximately 125 base pairs (indel no. 9) seemed to have 
occurred in unrelated species, a result revealed in the first analysis (A). Subsequently 
two more analyses were undertaken to explore the effect of indel no. 9 on the resulting 
topology of the tree. The following analyses of the fniL-F data-set were carried out: 

Analysis A included all species and characters; 

Analysis B excluded two of the three sequences with indel no. 9, namely those of 
Pomaderris rotundifolia and Cryptandra triplex, but included all characters; 

Analysis C included all species, but excluded the DNA region in which indel no. 9 
occurred, and all potential characters therein (following Quandt et al. 2004; see below 
for discussion). 

Characteristics of sequences 8i phylogeny 

The alignment of the frrcL-F data set had 1145 base positions. Four regions in the 
alignment were ambiguous and unalignable and therefore excluded from the analysis. 
This reduced the data-set by 46 characters to 1099 base positions. Twenty-three indels 
were identified in the alignment and coded separately using the simple indel coding 
method of Simmons and Ochoterena (2000). 

When all species and all characters were included in analysis A, the alignment provided 
90 parsimony-informative characters (8.2%) and 21 out of 23 indel characters were 
potentially informative characters. In analysis B, the number of parsimony-informative 
characters in the alignment was reduced due to the exclusion of two species: 87 base 
characters (7.9%) and 20 of 23 the indels were potentially informative. Analysis 
C excluded a stretch of 261 bases from the alignment and reduced the number of 
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characters to 838 base positions; this also eliminated 8 indel characters from the 
data-set. Analysis C included 67 potentially informative base characters (8.0 %), and 13 
parsimony-informative indels. 

In all three parsimony analyses, the maximum number of 10,000 trees was reached 
when using the two step search strategy. The trees of analysis A had a CI=0.566 and 
RI=0.789. The Cl and RI for analysis B were 0.564 and 0.786, respectively. The trees 
in analysis C had a 0=0.572 and a RI=0.805. The strict consensus tree of analysis A 
(Fig. 1) showed 30 nodes common to all most parsimonious trees (27 nodes common to 
the ingroup); 23 nodes had bootstrap support (BS) and 22 nodes had jackknife support 
(JS) s50%. The strict consensus of analysis B (excluding the sequences containing indel 
no. 9; Fig. 2), had 28 nodes (25 nodes' in the ingroup), of which 21 had bootstrap 
support and 20 nodes had jackknife support above 50%. Analysis C had 24 nodes 
present in the strict consensus tree (22 nodes in the ingroup; Fig. 3), statistical support 
a50% in the bootstrap and jackknife analyses was obtained for 19 nodes. 

Cladogram topology 

The strict consensus trees for analyses A and B are shown in Figures 1 and 2. Tree 
topology is the same in both cladograms, except that in analysis A the species containing 
indel no. 9 are grouped in one clade within the genus Trymalium. This clade is indicated 
in bold in Figure 1. Bootstrap (BS) and jackknife (JS) values differ only slightly between 
the analyses. The strict consensus in analysis C (Fig. 3) has a similar topology to the 
previous two trees, but is less resolved. However, the genus Spyridium was resolved 
in one clade (at node 3) in analysis C, and Blackallia connata grouped with Cryptandra 
(node 24) and not with Stenanthemumgracilipes, St. grandiflorutn ms and B. biloba (clade 
at node 22). Only the tree in Figure 2 (analysis B) is discussed in the following sections 
and Figure 1 and 3 are only referred to when there are differences between the analyses. 

Monophyly of the tribe Pomaderreae is very strongly supported with 100% bootstrap 
and jackknife support. Sister to Pomaderreae is either Schistocarpaea johnsonii (not 
placed in any tribe by Richardson et al. 2000b), Adolphia californica (tribe Colletieae), 
or a weakly supported clade (BS: 57%; JS: <50%) containing Alphitonia aff. irtcana 
(unplaced genus), Ceanothus coeruleus (unplaced genus) and Phylica buxifolia (tribe 
Phyliceae). 

The backbone of the cladogram lacks bootstrap or jackknife support above 50% and 
thus the relationships among the main clades (genera) are unresolved. Of the currently 
accepted genera, only Cryptandra and two clades of Stenanthemum have bootstrap/ 
jackknife support. The species of Spyridium do not group in a clade in the strict 
consensus tree in analyses A and B. However, they form a clade in 94% of trees in a 
majority rule consensus tree (majority rule tree not shown). In analysis C the species 
of Spyridium are united in a clade, albeit without bootstrap or jackknife support above 
50%. 

Within Spyridium, three species from New South Wales {Sp. scortechinii, Sp. buxifolium 
and Sp. burragorang) form a weakly supported clade at node 4. The two Tasmanian 
species included, Sp. ulicinum and Sp. gunnii, are sister taxa (node 6; BS: 61%, JS: 
58%). Spyridium mucronatum and Sp. cordatum are strongly supported as sister taxa 
(node 7), but their relationship with the third Western Australian species included, 
Sp. globulosum, is unresolved. Spyridium daltonii and S. xramosissimum from the 
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St. petraeum 
St. pomaderroides 
St. humile 
St. reissekii 
St. argenteum 
Polianthiort wichurae 
Pol. bilocularis 
Pol. minutiflorum 
Pol. collinum 
Trymalium wayi 
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T. angustifolium 

T. ledifolium var. rosmarinifolium 
Cryptandra triplex 
Pomaderris rotundifolia 

T. floribundum subsp. trifidum 
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Fig. 1. Strict consensus tree of analysis A of the trn L-F data-set (10,000 equally parsimonious trees 
of 226 steps each, 0=0.57, RI=0.79), i.e., analysis of the full data-set. Bootstrap/jackknife values 
are indicated on branches. Node numbers are indicated in smaller type. The clade highlighted in 
bold contains laxa that share indel no. 9. The branch denoted by a dotted line is only present in 
bootstrap and jackknife analyses. Species from New Zealand are indicated (NZ). 
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Fig. 2. Strict consensus tree of analysis B of the truL-F data-set (10,000 equally parsimonious 
trees of 220 steps each, 0=0.56, RI=0.79), i.e., parsimony analysis excluding sequences from two 
taxa with indel no. 9 (Pomaderris rotundifolia , Cryptandra triplex). Bootstrap/jackknife values 
are indicated on branches. Node numbers are indicated in smaller type. The branch denoted by 
a dotted line is only present in bootstrap and jackknife analyses. Species from New Zealand are 
indicated (NZ). 
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Fig. 3. Strict consensus tree of analysis C of the trnL-F data-set (10,000 equally parsimonious 
trees of 259 steps each, 0=0.57, RI=0.81), i.e., parsimony analysis excluding the DNA region 
containing indel no. 9. Bootstrap/jackknife values are indicated on branches. Node numbers are 
indicated in smaller type. The branch denoted by a dotted line is only present in bootstrap and 
jackknife analyses. Species from New Zealand are indicated (NZ). 
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Grampians, Victoria, form a strongly supported clade at node 8 (BS: 82%, JS: 84%). 
Spyridium parvifolium and Sp. thymifolium from south-eastern Australia are sister taxa 
(node 9 with moderate support). 

Siegfriedia darwinioides and two clades of Pomaderris form a trichotomy at node 12, 
which lacks support. Species of Pomaderris from south-eastern Australia and New 
Zealand group in one strongly supported clade (node 13), while the Western Australian 
species, P. brevifolia, P. forrestiana and P. grandis, form a second unsupported clade 
(node 14). Within the clade the relationship of P. brevifolia and P. forrestiana is strongly 
supported. Sister to the Siegfriedia-Pomaderris clade is a clade that contains Trymalium 
species from Western Australia and South Australia (T. wayi). The Trymalium clade 
does not receive support >50% and shows no internal resolution. 

If the two species that share indel no. 9 with Trymalium ledifolium, Pomaderris 
rotundifolia (W.A.) and Cryptandra triplex (N.T.),are included, then these three species 
form a well supported sub-clade within Trymalium (Fig. 1, node 29; BS: 80%, JS 81%). 
Pomaderris rotundifolia is sister to the other two species. 

In analysis C, Siegfriedia, Trymalium and the two Pomaderris clades form a big polytomy 
(Fig. 3, node 10) in which only a few relationships are resolved, such as the sister- 
relationship of P. rugosa from New Zealand with P. tropica (Qld), and the grouping of 
T. ledifolium with Cryptandra triplex. In analysis C, P. rotundifolia does not group with 
either of the two Pomaderris clades. 

The sister-group to the Pomaderris-Siegfriedia-Trymalium clade is the genus Polianthion, 
the four species of which group in a moderately supported clade at node 17 (Fig. 2; BS: 
66%, JS: 61%) that consists of two well supported sub-clades (nodes 18 and 19). Two 
species from south-western Western Australia, Pol. wichurae and Pol. bilocularis, group 
in the first sub-clade; Pol. minutifolium from Queensland and Pol. collinum (W.A.) 
form the second sub-clade. In analysis C, Pol. wichurae is sister to the remaining three 
species (Fig. 3, node 16); this topology, however does not receive statistical support. 

The genus Stenanthemum sensu stricto (according to Rye 1995, 2001 and Thiele 2007) 
is found at node 21 with high bootstrap and jackknife percentages (a89 %). It is divided 
further into two highly supported groups. One clade at node 23 contains species from 
southern {St. leucophractum) and central Australia {St. centrale) ; the second clade (node 
22) shows no internal resolution and contains five species from Western Australia and 
the only representative of the genus in Queensland, St. argenteum. 

A group of four species from Western Australia is the sister group to Stenanthemum 
s. str. (node 24); the relationships between all four species are moderately to highly 
supported. Stenanthemum gracilipes is sister to the remaining species (BS: 75%, JS: 
71%), namely Blackallia connata , B. biloba and St. grandiflorum ms. The two species 
of Blackallia, however, are not sister taxa, with B. biloba most closely related to St. 
grandiflorum ms (BS: 66%, JS: 76%). Blackallia connata is not part of this clade in 
analysis C, but is part of the Cryptandra clade (Fig. 3, node 24). 

Fourteen species of Cryptandra form a large polytomy in the strict consensus tree 
(Fig. 2, node 27). This clade receives moderate support with bootstrap and jackknife 
values a61%. In analyses A and B, C. gemmata from Arnhem Land (N.T.) is sister 
to all remaining species, but this relationship is only resolved in the bootstrap and 
jackknife trees, not in the strict consensus tree (BS: 56%; JS: 50%). As stated previously, 
Blackallia connata is placed in Cryptandra in analysis C. 
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Discussion 

Overall characteristics of the frnL-F region 

The analysis of the frnL-F sequence data resulted in a less resolved tree, when compared 
with the tree generated from ITS data (KeUermann et al. 2005). This is mainly due 
to fewer informative base and indel characters. The frnL-F data-set contained 110 
potentially informative characters, with the ITS region providing 270 informative 
characters, i.e., more than double the number in a shorter region of DNA. However, 
the Cl and RI were higher in the frnL-F analyses, indicating less character conflict. 

This paucity of informative characters reflects the fact that chloroplast DNA evolves 
slower than nuclear DNA and that “even non-coding cpDNA regions often fail to 
provide significant phylogenetic information at low taxonomic levels” (Small et al. 
2004, p. 147). The cpDNA region frnL-F provides resolution mainly at the generic level 
in this analysis. This region neither provides much information about the relationships 
between genera of Pomaderreae nor resolves the clades well within genera. 

Homoplasious indels 

A conspicuous feature of the frnL-F region during alignment and analysis was the 
presence of two large indels in the trnL intron, namely a deletion between bases 380- 
576 in the alignment (indel no. 9; c. 125 bp) and a deletion between bases 443-487 
(indel no. 11, c. 45 bp). 

Indel no. 9 groups Trymalium ledifolium, Pomaderris rotundifolia and Cryptandra triplex 
in analysis A (clade at node 29). This relationship is also supported by a base change 
from A to G at position 660 in the alignment, which is unique to these species. Results 
from the analysis of ITS sequences do not support this clade, since they place C. triplex 
into Cryptandra and P. rotundifolia with its congeners into a clade of Pomaderris species 
from Western Australia. An error during lab-work or cross-contamination of samples 
can be ruled out, since the DNA extraction of these species and the PCR reactions were 
done at separate times. In addition, Richardson et al. (2000a) also reported this long 
indel in their sequence of T. ledifolium; our sequence is identical to that of Richardson 
and co-workers, with the exception of two deletions of a single nucleotide towards the 
3’ end of the sequence (base positions 1194 and 1198). 

Indel no. 11 occurs in Spyridium buxifolium, Siegfriedia darwinioides, Stenanthemum 
gracilipes, St. grandiflorum ms, Blackallia connata and B. biloba. I lowever, some of these 
species are clearly not related, and in the resulting trees of analyses A and B (Fig. 1 8c 2) 
some are not grouped together: Spyridium buxifolium is related to Sp. burragorang and 
Sp. scortechinii (node 4), Si. darwinioides is most closely related to Pomaderris (node 
12) and the four-taxon clade at node 24 is the sister group to Stenanthemum (node 
21). In analysis C, B. connata is part of the Cryptandra clade (Fig. 3, node 24). It is 
obvious from these results, that indel no. 11 is a homoplasious character and cannot 
be relied upon for the correct delimitation of relationships. This is corroborated by the 
placement of these species in the ITS analysis (Kellermann et al. 2005). 

The trnL intron, in which both long indels occur, is part of the Group I Intron family 
and its RNA has a conserved secondary structure (Borsch et al. 2003; Cech 1988; Quandt 
et al. 2004). This complex structure consists of several stem-loop regions and paired 
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sequence elements. Borsch et al. (2003, p. 565) have shown that in angiosperms “the 
P6 and P8 stem-loop regions account for most of the sequence length variation in the 
[trill] intron”and can contain highly variable regions. Although a detailed modelling of 
the secondary structure of the trnl iniron has not been attempted here, it is possible to 
map most of the conserved regions of Group I Introns by simple sequence comparison. 
Using the secondary structure of Nympluiea odorata Ait. (Borsch et al. 2003, Fig. 2) 
as a model, it can be deduced that indels no. 9 and no. 11 are indeed located within 
the P8 stem-loop region. Indel no. 9 nearly encompasses the whole P8 region. It is 
therefore most likely that these indels are the result of a loss of an arm, stem or loop 
from the P8 stem-loop region. Homoplasious indels in analyses of non-coding regions 
of cpDNA have been reported by Morton 8c Clegg (1993), Mes et al. (2000) and others, 
who concluded that homplasious indels can be associated with hairpin structures. 

In a phylogeny of land plants, Quandt et al. (2004) excluded the P8 region from the 
analysis, since it was not alignablc across the species in the data-set and was assumed to 
be not even homologous across all lineages. These authors recommend the exclusion 
of P8, and possibly P6, in studies of higher level phyiogenies. This advice was followed 
in analysis C, where the P8 region was not included. 

The homoplasious indels in Pomaderreae could have been created several times 
independently, for example in the particularly labile P8 region, which could easily lose 
a hairpin or stem-loop region. Alternatively, if these homoplasious indels originated 
only once, they must have been transferred to these species through the introgression 
of a chloroplast genome containing the indels from one species to another (Rieseberg 
& Brunsfeld 1992). 

1 he first possibility seems likely in the case of indel no. 11, which appears independently 
in at least three lineages: Siegfriedia darwittioides, Spyridium buxifolium, the clade at 
node 24, and possibly Blackallia connata, if it is part of Cryptandra as suggested by 
analysis C and the ITS sequence analysis (Kellermann et al. 2005). 

The case is equivocal for indel no. 9. The presence of additional supporting characters 
for clade 29, namely a base change from A to G at position 660 in the alignment, a 
common base change from C to A (position 1132) in Trymalium ledifolium and 
Cryptandra triplex, and the fact that the three species in that clade share an insertion 
with T. elachophyllum and T. angustifolium (indel no. 8, positions 355-362 in the 
alignment), suggest a possible single origin of indel no. 9. On the other hand, the 
sequence of Pomaderris rotundifolia shares a base change from C to G (position 836) 
with all species of Pomaderris and Siegfriedia, as well as a base change from A to C 
(position 806) with P. forrestiana, which is the sister taxon of P. rotundifolia in the 
ITS sequence analysis (Kellermann et al. 2005). The latter two base changes clearly 
show a relationship of P. rotundifolia with Pomaderris and not with Trymalium and 
would indicate that indel no. 9 is homoplasious. Flower morphology also supports a 
relationship of P. rotundifolia with Pomaderris (Walsh 8c Coates 1997) and of C. triplex 
with Cryptandra (Kellermann 2006a). 

Since the region in which indels no. 9 and no. 11 occur is part of the highly variable 
P8 region, which is prone to homoplasious indels, the possibility of more homplasious 
characters cannot be ruled out, in particular in this region. As such, a phylogenetic 
analysis C, excluding the region, might be the best representation of the relationships 
in Pomaderreae, a fact that is corroborated in some degree by slightly higher Cl and RI 
values for analysis C. 
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Pomaderreae 

The tribe Pomaderreae is monophyletic and supported with very high bootstrap and 
jackknife percentages. This confirms the results of the ITS data-set (Kellermann et al. 
2005) and of previous analyses, using combinations of frnL-F and rbcL sequence data 
(Fay et al. 2001; Richardson et al. 2000a) and frnL-F/ITS sequences (Richardson et al. 
2001; Islam & Simmons 2006). The sister group to Pomaderreae, however, is unclear 
from the results of the frnL-F data-set. In previous analyses, either Ceanothus or the tribe 
Colletieae (Richardson et al. 2000a), or the genera Alphitoriip and Granitites (Fay et al. 
2001) were the closest relatives to Pomaderreae. Islam & Simmons (2006) also reported 
Alphitonia as the weakly to moderately supported sister group to Pomaderreae when 
analysing combined molecular and morphological data-sets. The results of Kellermann 
et al. (2005) indicated with weak support that Colletieae (represented by Adolphia) 
might be the sister taxon to Pomaderreae. 

Spyridium 

Species of Spyridium do not form a clade in the strict consensus trees in analyses A and 
B. However, they group together in 94% of most parsimonious trees in these analyses 
(majority rule tree not shown) and in analysis C. Within Spyridium, several species form 
small clades that are moderately to well supported. A clade of closely related species 
from New South Wales, Sp. scortechinii and relatives (node 4), and a clade of Tasmanian 
species {Sp. ulicimim and Sp. gunnii, node 6) were found also in the ITS analysis. This 
corroborates the unique position of Sp. scortechinii and relatives in the genus; they are 
the only species of Spyridium in New South Wales with a very long hypanthium tube 
(Thiele & West 2004), which was the reason these species were not included in Spyridium 
for a long time. This feature also occurs in Sp. waterhousei (S.A.), a species that was 
recently transferred back into Spyridium (Kellermann 2007). Spyridium mucronatum 
and Sp. cordatum from Western Australia form a well supported clade (node 7), but the 
position of the third western species, Sp. globulosum , was unresolved. The ITS data-set 
groups Sp. mucronatum and Sp. globulosum species into one clade (Sp. cordatum was 
not included in the ITS analysis). The remaining species from south-eastern Australia 
do not group together, as they do in the ITS results (Kellermann et al. 2005), but form 
a polytomy. The chloroplast data-set also confirms the close relationship of Sp. daltonii 
and Sp. xramosissimum (node 8) and corroborates previous findings that these species 
were misplaced in Trymalium (Kellermann 2006b). 

The poor result for Spyridium is caused by both a conflict of characters and lack of 
informative characters for the group. There is only one synapomorphy for the genus as 
a whole, a base change from A to G (position 869). In analysis A and B this phylogenetic 
signal is in conflict with other base changes that occur in the region of indel no. 9. Once 
this DNA region is excluded (analysis C), species of Spyridium group in one clade. 
Overall, the results for Spyridium are not in conflict with the ITS analysis 

Pomaderris and Siegfriedia 

Pomaderris is divided into two geographically separated clades that form a trichotomy 
(node 12) with Siegfriedia darwinioides. This highlights the close relationship of 
Siegfriedia and Pomaderris, which is corroborated by ITS data (Kellermann et al. 2003) 
and morphology: both genera have a basal valve in each fruitlet of their schizocarpic 
fruits (Rye 1996b). 
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The two Pomaderris chides contain species from Western Australia (node 14) and 
south-eastern Australia (including New Zealand; node 13), respectively. The clade at 
node 14 is not supported, only the relationship between P. forrestiana and P. brevifolia 
is highly supported. All Western Australian species share a deletion of five bases (indel 
no. 5, bp 161-164 in the alignment). They have been perceived as distinct from the 
remaining species of Pomaderris before (N.G. Walsh, pers. comm.), because of their 
umbellate (or contracted) inflorescences and flowers with a very conspicuous annular 
disc (Rye 1996b). Most south-eastern Australian species (node 13) have a disc that 
is inconspicuous or absent. Pomaderris obcordata from mallee scrubland in South 
Australia and Victoria is part of this clade, and not, as in the ITS analysis, at the base 
of Pomaderris. It is, however, anomalous in the genus, because of the absence of a 
clearly defined valve in the fruitlets. A few other species from Pomaderris sect. Apetalae 
N.G.Walsh, sect. Flabellares N.G.Walsh and sect. Psilogyne N.G.Walsh may not have a 
clearly defined valve as well (Walsh & Coates 1997). The south-eastern Australian clade 
receives high support, but relationships within it are not resolved. 

Trymalium 

The sister group to the Siegfriedia-Pomaderris clade is a clade that contains species of 
Trymalium from Western Australia and South Australia (node 16). This relationship, 
however, does not receive statistical support ^30%; its synapomorphy is one unique 
base change at position 878 in the alignment (C to G). When Pomaderris rotuudifolia 
and Cryptandra triplex are included (analysis A) they form a clade with Trymalium 
ledifolium (Fig. 1, node 29), as discussed above. Morphologically, P. rotuudifolia 
displays characters typical for Pomaderris , such as the basal valve in each fruitlet, a 
deeply divided style, and a densely hairy ovary summit (Rye 1996b). It differs from 
other species of Pomaderris in its unique, compact, head-like inflorescences and 
flowers with more strongly hooded petals. Morphologically, C. triplex seems to be very 
similar to two species of Cryptandra from northern Australia (Kellermann 2006a): C. 
fdiformis A.R.Bean (not included in this analysis) and C. intratropica W.Fitzg. The three 
species share dense indumentum on all parts of the plant. Cryptandra intratropica and 
C. triplex were included in the ITS analysis and are nested deep within Cryptandra in 
a clade of northern species (node 52 in Kellermann ct al. 2005, Fig. 1). The presence of 
stipules that are fused around the base of the petiole and a ring of bracts at the base of 
the flower are important morphological characters (Thiele & West 2004) that indicate 
a relationship of C. triplex with Cryptandra. The cpDNA characters that place these two 
species into Trymalium seem to be homoplasious indels and base changes. 

Polianthion 

The clade at node 17 unites four species that were labelled as the ‘Bilocular Clade’ by 
Kellermann et al. (2005) and have since been described as the new genus Polianthion 
(Kellermann et al. 2006). It is well supported and consists of two species pairs: 
Pol. minutiflorum groups with Pol. collinum (node 18; JS/BS: 98%), and Pol. bilocularis 
with Pol. wichurae (node 19; JS/BS: &72%). The same relationships were reported by 
Kellermann et al. (2005), and are corroborated with this cpDNA data-set. The four 
species share a biloculate ovary and a conspicuous dense indumentum on all surfaces 
of the plant. The clade is here sister to Pomaderris , Siegfriedia and Trymalium. All 
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species in these genera share a 1 bp deletion (indel no. 20, position 1088), but the 
relationship does not receive bootstrap or jackknife support above 50%. Kellermann et 
al. (2005) report an association of Polianthion with Cryptandra, Blackallia biloba and 
Stenanthemum grandiflorum ms, but this too did not receive statistical support. 

Stenanthemum 

Three species currently included in Stenanthemum, namely St. gracilipes, 
St. grandiflorum ms and St. intropubens Rye ms (the last species not included in 
this analysis) are in conflict with the definition of the genus (Rye 1995, 2001; Thiele 
2007), since they do not share typical morphological characters, such as a disc that 
is lining the hypanthium tube. Two strongly supported clades containing species of 
Stenanthemum s. str. (i.e., according to Rye and Thiele) front south-eastern and 
central Australia (SE-central clade, node 23) and Western Australia and Queensland 
(WA-Qld clade, node 22) are sister-taxa in the fr/tL-F analysis (node 21; BS/JS: >89%). 
This confirms the monophyly of Stenan themum s. str. These two clades were also found 
in the ITS results. The atypical species included in the analysis, St. grandiflorum ms and 
St. gracilipes, appear in the clade at node 24 (see below). This is in contrast to the results 
of Kellermann et al. (2005), which placed St. gracilipes as sister taxon to the WA-Qld 
clade with low support (node 35 in Kellermann et al. 2005: BS: 53%, JS: 57%). 

Species associated with Stenanthemum 

The clade at node 24 that is shown as sister to Stenanthemum, contains four species, 
which are very different in appearance and habit: St. gracilipes, Blackallia connata, 
St. grandiflorum ms and B. biloba. 

This clade contradicts the results from the ITS data (Kellermann et al. 2005), in which 
Blackallia connata is placed into Cryptandra and St. gracilipes into Stenanthemum. 
However, in analysis C, B. connata falls within a well supported Cryptandra, thus 
agreeing with the ITS results. The homoplasious nature of some indels in the P8 stem- 
loop region of the fr«L intron has been discussed above. All characters that unite 
B. connata with these other three species are located within the P8 region, and this 
grouping might therefore be an artefact of an incorrect phylogenetic signal caused by 
homoplasious indels (see also Quandt et al. 2004). Once the P8 region is excluded 
from the analysis, the results also agree with morphology. Blackallia connata has single, 
sessile flowers that are surrounded by rows of bracts and contain a pubescent disc that 
surrounds the ovary; the stipules are connate below the attachment point of the petiole. 
These and other features of the species are typical for Cryptandra (Thiele & West 2004, 
Thiele 2007). 

The three remaining species in the clade have glabrous discs surrounding the ovary, and 
a simple cymose inflorescence; stipules are free from one another or connate between 
petiole and stem. In Stenanthemum gracilipes and Blackallia biloba the flowers have 
long pedicels. These characters are at odds with the placement of St. gracilipes in the 
Stenanthemum clade in Kellermann et al. (2005), since putative synapomorphies for 
Stenanthemum s. str. are a disc that is adnate to the hypanthium tube and sometimes 
confluent with the filament bases, and dense cymose heads with sessile flowers 
(Rye 1995,2001; Thiele 2007). 
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Stenanthemum grandiflorum ms is resolved as the sister taxon to Blackallia biloba 
in both the trnL-F and ITS analyses. An unnamed species, St. intropubens ms (not 
included in the analysis), is similar to St. grandiflorum. Although B. biloba shares long- 
pedicellate flowers with St. gracilipes, its flower morphology and habit are distinct from 
St. gracilipes, St. grandiflorum ms and St. intropubens ms. 

Stenanthemum gracilipes has long been seen as a unique species with no apparent close 
relatives and these results strongly suggest the recognition of a monotypic genus for 
this species. A new genus containing St. grandiflorum ms and St. intropubens ms is also 
supported by our results and was already recommended by Kellermann et al. (2005) as 
‘New genus A. The description of these new genera will be published in the near future, 
in addition to a new circumscription of Blackallia (Kellermann et al., in press). 

Cryptandra 

All remaining species of Cryptandra fall into one clade. However, there is no resolution 
within that clade, with the exception of C. gemmata, which is sister to the remaining 
species in the jackknife and bootstrap trees, but not in the strict consensus tree. 
Synapomorphies for the genus Cryptandra were mentioned above and comprise 
stipules that are connate at the base of the petiole, single flowers, surrounded by row(s) 
of bracts, a pubescent annular disc around the base of the ovary and schizocarpic fruits 
that release dehiscent fruitlets (Thiele & West 2004, Thiele 2007). Cryptandra gemmata 
is unique in the genus since it is apparently the only species with truly terminal 
inflorescences (Bean 2004); it is also one of very few species of Cryptandra to occur in 
the tropical north of Australia (Kellermann 2006a). Some of these tropical species fall 
into one clade in the analysis of Kellermann et al. (2005, clade at node 52). 


Conclusions 

I he analysis of DNA sequence data from the chloroplast frnL-F region confirmed most 
findings of the 1 IS data-set (Kellermann et al. 2005). However, it was hampered by 
the lack of informative characters and the presence of apparently homoplasious indel 
characters and base changes within the P8 region of the trnl intron. As such, the strict 
consensus tree of the fruL-F analysis was less resolved and had fewer supported clades 
than in the ITS analysis. 

The genera Cryptandra, Stenanthemum and Polianthion were well supported. Species 
of Trymalium from Western Australia and South Australia formed one clade, but 
when two taxa with a large homoplasious indel (no. 9), P. rotundifolia and C. triplex, 
were included in the analysis they appeared in the Trymalium clade. This was also in 
contrast to the ITS results. Pomaderris was divided into a Western Australian clade 
and a clade containing south-eastern Australian species; these two clades formed an 
unresolved trichotomy with the monotypic Siegfriedia. Stenanthemum grandiflorum 
ms and Blackallia biloba are confirmed as closely related species. Their sister taxon is 
B. connata, with St. gracilipes next in the phylogenetic sequence, when the P8 region is 
included in the analysis. When the region is excluded, B. connata changes its position 
and moves into the Cryptandra clade, a result that is supported both by morphology 
and 11S sequence data. All species of Spyriditim do not group in a clade, but are resolved 
in a polytomy at the base of Pomaderreae with the clades described above. If the P8 
region is excluded, they form a clade, albeit without statistical support. 
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Abstract 

A new species of carnivorous plant from the Kimberley region of Western Australia north east 
of Broome, Byblis guehoi Lowrie & Conran, is described and illustrated. SEM micrographs of 
the seed, and chromosome data arc also provided. The species is compact, multi-branched, 
glandular-leaved, bearing numerous flowers, and anchored to the soil by a solitary root system. 
When compared with other Byblis species, the new taxon is unique, differing in its particular 
combination of branching, floral, seed sculpturing characters, as well as being tetraploid. 


Introduction 

In August 2004, an unusual compact, much-branching, glandular carnivorous plant 
bearing many flowers and anchored to the soil by a solitary root system was discovered 
by Russ Gueho north east of Broome in the Kimberley region of Western Australia 
(Fig. 1). When compared with known taxa in Lowrie and Conran’s (1998) revision of 
Byblis in northern Australia, plus seed and chromosome features for the genus (Conran 
et al. 2002a, Conran et al. 2002b) the new taxon was dearly unlike any previously 
described species (Table 1) and is here described as new. 

Byblis guehoi Lowrie & Conran, sp. tiov. 

Affinis Byblide filifolia. Herba decumbens, ramulosa, e radice unica oriens. Pedicelli 
foliis longiores. Corolla subroseo-malvina, abaxialiter albida. Semina favosa cristis 
longitudinalibus denticulatis. 

Holotype: WESTERN AUSTRALIA: 300 metres north of Bobbys Creek, near Beagle 
Bay Mission, c. 137 road km NE of Broome, Dampier Peninsula, Kimberley, 16°57'39"S, 
122°46'26"E, A. Lowrie 3215 & R. Gueho, 6 September 2004 (PERTF1). Isotype: MEL. 
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Table 1. Comparison of Byblis geuhoi and related taxa. ‘refers to erect terminal shoots or 
branches; actual stems much longer but then decumbent or floating. 


Feature 

B. guehoi 

B. aquatica 

B. filifolia 

B. liniflora 

B. rorida 

Habitat 

wet/dry 

wetlands 

wetlands 

wetlands 

wet/dry 

Height (cm) 

up to 10* 

up to 5* 

20-60 

5-15 

6-30 

Branching 

multiple, 

common 

absent 

few, rare 

absent 

few, rare 

Sessile glands covering 
shoot apex 

absent 

absent 

absent 

absent 

present 

Pedicels longer than leaves 

yes 

no 

no 

yes 

no 

Sepal length cf petals 

>half 

<half 

>half 

>half 

chalf 

Petal colour abaxially 

white 

purple 

white to 
yellow or 
yellow and 
mauve-striped 

white 

white 

Petal margins 

dentate 

rounded 

rounded 
to denticulate 

rounded 
to denticulate 

dentate 

Filament colour 

purple 

pale lavender pale lavender 

pale lavender purple 

Anther length cf filaments 

longer 

<half 

longer 

chalf 

chalf 

Seed size (mm) 

0.7-0.8 x 
0.5-0.6 

0.9-1.3 x 
0.4-.07 

0.4-1. lx 
0.3-0.8 

0.5-0.9 x 
0.4-0.6 

0.5-0.8 x 
0.4-0.6 

Seed furrowing 

absent 

present 

absent 

absent 

absent 

Seed anticlinal sculpturing 

denticulate 

smooth 

smooth to 
denticulate 

denticulate 

denticulate 

Chromosome number (2n) 

32 

16 

16 

32 

16 



Fig. 1. Map showing the current single known locality for Byblis guehoi. 
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Fig. 2. Byblis guehol a, plant; b, flowering shoot apex; c, leaf section; d, sepal; e, petal; f, ovary, 
filaments, anthers and style-stigma; g, filaments-anthers, enlarged; h, seed capsule. Scale bars for 
a = 10 mm, b-h = 1 mm. Drawn in 2006 by Allen Lowrie from live material collected from the 
type location; voucher A. Lowrie 3215 & R. Gueho (PERTH, MEL). 
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Fig. 3. Habitat at the type locality, a, Acacia-Eucalyptus open woodland with low tussock grasses 
and open sandy soil patches; b, Byblis guehoi growing on seasonally waterlogged but rapid¬ 
drying sandy loam. 
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Fig. 4. Byblisguehoi a, flower; b, stamen detail showing deep colouring (purple) on the filaments 
and abaxially on the anthers; c, seed; d, chromosomes. Scale bar for a = 10 mm, b = 5 mm, 
c as indicated, d = 10 pm. Material grown at ADU from seed from the type locality; voucher 
A. Lowrie 3215 & R. Gueho (PERTH, MEL). 
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Annual herb with one or more decumbent major axes 15-18 cm long, 2-3.5 mm 
diarn., developing from a solitary root system, each terminating in an erect leafy many 
flowered head-like shoot, 6-8 cm tall, branching at random along their length and 
producing new major axis innovations terminating in a leafy flowering shoot; flowers 
under ideal moist growing conditions 15-20 mm diam., flowers produced as the dry 
season approaches much smaller, to one third this size; leafy apices of all leafy flowering 
shoots commonly producing a further compact 3 to 4 clusters of shorter stemmed leafy 
flowering shoots, together spreading to 20-30 cm diam.; overall colour appearing hazy 
(when viewed in full sunlight) because of the dense covering of translucent long and 
short glandular indumentum over the green- or bronze-coloured major axes, leaves 
and pedicels. Leaves filiform, shorter than the pedicels, 2.5-3.3 cm long, elliptic in 
section, c. 1 mm wide x c. 0.5 mm thick at the base tapering towards the apex; entire 
leaf length and circumference densely covered with long and short translucent glands. 
Inflorescences solitary, erect to semi-erect, arising from the axils of the leaves, pedicels 
longer than the leaves, 3.5-8 cm long, 1-1.5 mm diam. Sepals 5, green, lanceolate, 
apically ± acute, outer surface glandular, 4.5-6 mm long, 0.8-1 mm wide near the base. 
Petals 5, adaxial flower surface pinkish mauve, (R.H.S. colour chart', purple-violet 88 C) 
with faint darker mauve fan-like veining from the base, abaxial surfaces white, obovate, 
margins entire, except for the apex which is irregularly serrate and dentate, 9-12 mm 
long, 7-12 mm wide. Stamens 5, anthers longer than the supporting filaments, each 
longitudinally positioned close to each other, releasing pollen in unison, 4-6 mm long, 
filaments purple, clustered together, 1.5-2 mm long, anthers yellow with purple-brown 
longitudinal tapering supporting filament extension between, 3.5—4 mm long, pollen 
yellow. Ovary green, ± globose, 1-1.5 mm diam. Style pale mauve, solitary, decurved to 
place the style below the anther cluster, longer than the stamens, 4.5—5 mm long, apically 
dilated, stigma darker mauve. Capsule broadly obovoid, compressed a little across its 
width, 3-4 mm long, 4—5 mm wide, sparsely glandular. Seeds black, shiny, irregularly 
shaped, ± ovoid to elliptic in outline, 0.7—0.8 mm long, 0.5—0.6 mm diam., denticulate 
longitudinal ridges and shallow transverse ridges between, producing honeycomb-like 
sculpturing. (Figs 2-4). 

Byblisguehoi (pronounced gay-ho-eye) is known currently only from the type location 
near Beagle Bay Mission, Kimberley, Western Australia (Fig. 1), but is locally abundant 
and not currently under threat. The vegetation consists of low native tussock grasses 
with open sandy soil patches between (Fig. 2a), bordered by scattered Acacia tumida 
F.Muell. ex Benth. (Mimosaceae) shrubs and trees, and taller Eucalyptus tetrodonta 
F.Muell., E. miniata A.Cunn. ex Schauer and Corymbia bella K.D.Hill & L.A.S.Johnson 
(Myrtaceae) woodland on the higher ground. The species is found in open ground on 
an Orthic Tenosol soil consisting of a mixture of beige sand (a mix of amber colour 
tones and glass-like granules) and loam silt (Fig. 2b). These soils generally show low 
water retention capacity, are very nutrient-poor (Isbell et al. 1997), and, at the type 
locality, B. guehoi grows in a part of the Bobbys Creek watershed that is waterlogged in 
the wet season, but completely dry soon after. 


'Royal Horticultural Society London. 1966. R.H.S. Colour Chart in association with the Flower 
Council of Holland. Published by The Royal Horticultural Society LONDON and Flower Council of 
Holland LEIDEN. 
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Honours Russ Gueho, the biologist, author, wildlife photographer and teacher from 
Broome who first collected the new taxon. 

Byblis guehoi is easily distinguished from all other Byblis species by its decumbent, multi¬ 
branching, head-like many-flowered habit. Its apically dentate petals are reminiscent 
of B. rorida, as is its more open, drier habitat, but it lacks the apical shoot glands and 
short sepals of that species (Fig. 3a). Anther length (Fig. 3b) places it with the B.filifolia 
complex but it differs in the seeds (Fig. 3c) and chromosome number (Fig. 3d). There 
are also features such as chromosome number and long pedicels which suggest affinities 
to B. liniflora , but phylogenetic relationships within the genus are currently unresolved 
and the subject of ongoing research. 


Acknowledgments 

Russ Gueho is thanked for his significant help through his field collections and 
observations, data, personal comments and discussions since this species’ discovery. 
DEC WA is thanked for permission to collect plant materials from lands under their 
control. Peter Wilson is thanked for assistance with the Latin diagnosis. The School 
of Earth and Environmental Sciences at The University of Adelaide is thanked for the 
provision of facilities to undertake part of the research. 


References 

Conran JG, Houben A 8c Lowrie A (2002a) Chromosome numbers in Byblidaceae. Australian 
Journal of Botany 50: 583-586. 

Conran JG, Lowrie A 8c Moyle-Croft J (2002b) A revision of Byblis (Byblidaceae) in south¬ 
western Australia. Nuytsia 15:11 -20. 

Isbell RF, McDonald WS 8c Ashton LJ (1997) Concepts and rationale of the Australian soil 
classification. (CSIRO Publishing: Melbourne). 

Lowrie A 8c Conran JG (1998) A taxonomic revision of the genus Byblis (Byblidaceae) in 
northern Australia. Nuytsia 12: 59-74. 

Manuscript received 18 December 2006, accepted 27 August 2007 




Telopea 12(1) 31-46 


A new species and section of Utricularia 
(Lentibulariaceae) from northern Australia 

Allen Lowrie 1 , Ian D. Cowie 2 and John G. Conran 3 


'6 Glenn Place, Duncraig, W.A. 6023 Australia 

2 Northern Territory Herbarium, Department of Natural Resources, Environment and the Arts, 
P.O. Box 496, Palmerston N.T. 0831 Australia 

Australian Centre for Evolutionary Biology and Biodiversity, Environmental Biology, DP 312, 
School of Earth and Environmental Sciences, The University of Adelaide, S.A. 5005 Australia 
Author for correspondence: john.conran@adeIaide.edu.au 


Abstract 

A minute, reddish-purple-flowered, new species of Utricularia L. subgenus Utricularia 
(Lentibulariaceae) is described and illustrated: Utricularia simmonsii Lowrie, Cowie & 
Conran from the western Top End of the Northern Territory and near Lockhart River and 
Tozer’s Gap, Iron Range in far north Queensland. The species represents possibly the world’s 
smallest-flowered carnivorous plant. It shows some affinities to Utricularia sections Enskide and 
Pleiochasia, but possesses a combination of features not found in any other Utricularia species. 
The tiny flowers have an open, gullet throat, virtually lack a spur (both unusual features in the 
genus), the traps lack obvious trigger or guiding hairs, and the seeds have almost fingerprint-like 
swirled sculpturing. Because of its distinctness, it is placed into a new section: Minutae Lowrie, 
Cowie & Conran. A key to the Utricularia taxa found in Northern Australia is also provided. 


Introduction 

The genus Utricularia with over 220 species worldwide is well represented in Australia 
with Taylor (1989) listing 64 species, and two more described since then (Lowrie 1998a, 
b, 2002), bringing the current total to 66 species in 13 sections. There are also numerous 
undescribed taxa from the Australian tropics (R. Barrett, D. Dixon and J. Clarkson 
pers. comm.). 

The monsoonal Top End of the Northern Territory (NT) has been identified as a world 
centre of diversity for the genus Utricularia L. (Lentibulariaceae) with 36 taxa known 
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from the area (Taylor 1989). Indeed, the area supports a diverse assemblage of specialist 
plant species on seasonally waterlogged, infertile, sandy soils particularly associated 
with the lowlands of the Koolpinyah Surface of Williams (1969) as well as the Western 
Arnhem Land Plateau. Many of the taxa involved are endemic to the NT (Woinarski et 
al. 2006). The habitat is extensive and finely divided by subtle gradients in soil texture, 
drainage, period of inundation and water flow. This in turn influences the species 
composition across the landscape and appears to have allowed a rich flora to develop. 
During studies of the effects of sand mining on this habitat an undescribed species of 
Utricularia was seen in the field and collections were subsequently made over a number 
of years. 

Similarly, in October 2005, the same minute-flowered new species of Utricularia was 
found growing with cultivated material of a much larger-flowered Utricularia species 
from Turtle Creek crossing, Iron Range. It was also found near the Lockhart River 
community refuse site; and along the Lockhart River near Tozer’s Gap in far north 
Queensland (Fig. 1). 

When compared against Taylor’s (1989) monograph of Utricularia, these collections 
clearly represented a new taxon quite unlike any previously described species. Taylor 
records six tiny-flowered Utricularia in his monograph: U.albiflora R.Br. (fig. 28, p. 151), 
U. quinquedentata F. Muell. (fig. 29, p. 153) from Australia; U. cymbantha Oliver (fig. 
208, p. 680) from Africa; U. naviculata P. Taylor (fig. 209, p. 682) from South America; 
U. biovularioides (Kuhlum.) P. Taylor (fig. 210, p. 684) from South America; and 
U. olivacea Wright ex Griseb. (fig. 211, p. 687) from the Americas. U. quinquedentata 
and the closely-related U. albiflora were previously regarded as the smallest in the 
genus, but the new species is shorter in stature and has a smaller corolla. When these 
other species are compared to the new taxon, the minute corolla size of the latter easily 
make it the world’s consistently smallest-flowered Utricularia (and carnivorous plant) 
species so far discovered. 

Accordingly, the new species is named here and its affinities to the remainder of the 
genus are discussed. A key to the 45 Utricularia species found in northern Qld, the NT 
and the Kimberley Region of WA is provided here to enable identification. 


Methods 

Morphological characters were examined at DNA and ADU using fresh, dried and spirit- 
preserved material, and seeds were examined under scanning electron microscopy. 

I he terminology used for Utricularia follows that generally accepted for the genus 
(Taylor 1989). Specifically, rhizoids in Utricularia resemble and function as roots; 
scales may be present on the peduncle (or inflorescence stalk); a bract can be found 
opposite or subtending each flower pedicel and often two bracteoles occur laterally to 
the bract. 


Taxonomy 

Utricularia simmonsii Lowrie, Cowie & Conran sp. nov. 

Herba minuta. Folia angustissima filiformia, rariora oblonga. Vesiculae nudae vel 
glandulis sessilibus dispersis; appendix dorsalis singula; saetae irretitantes papillatae. 
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Fig. 1 . Maps showing the current known distribution for Utricularia simmonsii in the Northern 
Territory and Queensland. 
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Flores 1—2(—3) minutissimi, purpureo-rubri. Corolla cucullata; calcar vel faux clausa 
deficiens; labium inferum integrum limbo diminuto. Stamina et stylus per corollam 
inclusus attamen conspicuus. Semina turbinata, mellea, testa longitudinaliter striata. 

Holotype: Northern Territory: 1km north of Girraween Rd - Anglesey Rd corner, 
12°30'S 131 o 06'E, R.K. Harwood 1550, 3 June 2006 (DNA). Isotypes: AD, BRI, CANB, K, MEL, 
MO, NSW, PERTH. 

Small perennial or annual (some NT populations) herb forming colonies up to 1 m 
diameter and 3-8 mm tall above ground. Rhizoids, capillary, simple, to 8 mm long, 
tapering, 0.04-0.1 mm diam. Stolons reticulate, capillary, branched or not, c. 0.1 mm 
diam., internodes 1-3 mm long. Leaves solitary, 3.5-15 mm long in total, petiole 
indistinct, lamina linear, dimorphic, 1-nerved, mostly filiform, terete, apex acicular, 
rarely oblong and flattened, 0.3-0.4 mm wide, apex acute, sometimes rounded. Traps 
scattered on stolons and rhizoids with up to 6 on lower part of leaf margins, stipe 0.1- 
0.5 mm long, traps upwards-facing, dimidiate to ovate with a falcate apex, 0.2-0.5 mm 
long, 0.2-0.3 mm wide, glabrous or with scattered sessile glands; dorsal appendage 
short, obtuse, glabrous or papillate; lateral appendages and ventral wings absent; trap 
orifice hyaline or reddish-pink, threshold glands 1-armed, internal glands bifid, arms 
ellipsoid and ovoid c. 3 times as long as wide. Inflorescence erect, solitary, l-2(rarely 
3)-flowered, 6-17 mm long, peduncle terete, glabrous, 0.1-0.3 mm diam., green, red- 
purple (‘72B) towards apex, scales absent, with or without raised longitudinal verrucae 
scattered over the surface which shine silver in sunlight, otherwise glabrous. Bracts and 
bracteoles basifixed, glabrous, red-purple; bracts broadly ovate-deltoid, 0.3-0.5 mm 
long, apex acute or ± 3-lobed; bracteoles 2, opposite, basifixed, lanceolate or subulate, 
c. 0.25 mm (Qld) or 0.4-0.5 mm long (NT), c. 0.2 mm wide, apex acute. Flowers 1-3. 
Calyx lobes 2, unequal, red-purple (72B); upper lobe ± orbicular, strongly concavo- 
convex,0.75-1 mm long and apex truncate (NT) or elliptic, apically± acute and involute 
(Qld); lower lobe broadly elliptic, concavo-convex, 0.5-0.75 mm long (NT) or 1-1.2 mm 
long (Qld), 0.7-0.8 mm wide, apex rounded or emarginate, revolute. Corolla red- 
purple (72B), paler at very base, two lipped, connate at base, 0.7-1.3 mm long; upper lip 
ovate-oblong, 0.7-1 mm long, apex rounded to rctuse (NT) or involute (Qld); lower lip 
0.8-1.3 mm long, broadly elliptic, entire, the limb reduced to a narrow reflexed 
margin c. 0.5 mm long, apex obtuse to rounded, glabrous, without a conspicuous 
rim, shorter than lower calyx lobe; palate absent (Qld) or conspicuous and red-purple 
(NT); Spur virtually absent. Stamen filaments 2, white, supporting white anthers visible 
within the corolla hood, anthers posterior to the stigma, pollen white, 5—6-colporate, 
obloid, c. 22 pm long. Style red, Ungulate, anteriorly stigmatic. Ovary, ovoid, unilocular, 
c. 0.3 mm long, placenta basal, free, globular. Capsule globose-ovoid, 0.6-0.8 mm long, 
0.6-0.75 mm diam., red-purple (72B) with a paler single ventral, longitudinal, elliptic 
pore, drying stramineous and enclosed in fruit by persistent calyx lobes, dehiscent 
(NT) or indehiscent (Qld). Seeds numerous, stramineous to honey-brown, broadly 
ellipsoid to obovoid, sub-angular, or turbinate, 0.125—0.175 mm long, cells elongate, 
longitudinally striate-swirled, resembling a fingerprint. (Figs 2-4) 


Royal Horticultural Society London. 1966. R.H.S. Colour Chart in association with the Flower 
Council of Holland. Published by The Royal Horticultural Society LONDON and Flower Council of 
Holland LEIDEN. 
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Fig. 2. Utricularia simtnonsii: a, plant; b.leaf; c, corolla; d, side view of trap; e, front view of trap; 
f, bracteoles; g, bract; h, seed; Scale bars for d, e & h = 0.5 mm, all other scale bars = 1 mm. Drawn 
from live, cultivated material, ex Paul Simmons, from Lockhart River, far north Queensland by 
A. Lowrie 2005. Voucher A. Lowrie 3159 & P. Simmons (BR1, PERTH, MEL. K). 
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Fig. 3. Utricularia simmonsii: a, leaf and trap; b, leaf and traps; c, trap, lateral view; d, trap; 
e, (lowering peduncle; f, flower; g, flower, lateral view; h, corolla, lateral view; i, nearly mature 
capsule (enclosing calyx removed) showing lateral longitudinal pore; j, seed. Scale bars for a, b 
& e = 1, c, d & i = 0.25 mm, f-h = 0.5 mm, j = 50 pm. Vouchers a-h, Harwood 1550 (DNA); i-j, 
A. Lowrie 3159 & P. Simmons (BRI, PERTH, MEL. K). 
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Fig. 4. Utricularia simmonsii: a, trap; b, trap internal bifid glands; c, trap orifice and 1-armed 
threshold glands; d, dorsal process of trap showing external glandular trichomes. All to indicated 
scales. Photographed from live, cultivated material, ex Paul Simmons, from Lockhart River, far 
north Queensland. Scale bar for a = 100 pm, b-d = 20 pm. Voucher A. Lowrie3159 & P. Simmons 
(BR1, PERTH, MEL K). 
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Other specimens examined: Northern Territory: Howard River Hunting Reserve, 12° 26'S, 
131°04'E, 7 Jul 1995, J.L. Egan 5133 & l.D. Cowie (DNA); 1 km. N of Girraween Rd., 1 km. W 
of Howard River, 12°30’S, 13l°06'E, 17 May 1996, R.K. Harwood 145 (DNA); 1km north of 
Girraween Rd - Anglesey Rd corner, 12°30'S 131°06'E, 3 May 2001, R.K. Harwood 1084 (DNA); 
lkm north of Girraween Rd - Anglesey Rd corner, 12°30'S 131°06'E, 7 May 2002, l.D. Cowie 
10646 (DNA); lkm north of Girraween Rd - Anglesey Rd corner, 12°30’S 131°06'E, 16 Jun 2006, 
R.K. Harwood 1564 (DNA). Queensland: Turtle Creek crossing, Iron Range, c. 7.25 km NW of 
Lockhart River township, north Queensland, 12°46'S, 143°17'E,A. Lowrie3159 8c. P. Simmons, 28 
Oct 2005 (BRI, PERTH, MEL, K); Tozer’s Flat, Pascoe River, c. 17.7 km NW of Lockhart River 
township, north Queensland, 12°43'S, 143°12'E, A. Lowrie 3213 & P. Simmons, 28 Oct 2005 (BRI, 
PERTH, MEL, K); Iron Range, near Lockhart River community refuse site, c. 1.2 km NW of 
Lockhart River township, north Queensland, 12°47'S, 143°20'E, A. Lowrie 3214 & P. Simmons, 28 
Oct 2005 (BRI, PERTH, MEL, K). 

Distribution and ecology: the species occurs in the NW Northern Territory and 
on Cape York Peninsula, Queensland (Fig 1). In the Northern Territory it is known 
from only two localities on sand sheets associated with the Howard River floodplain 
in the Darwin rural area, where it grows in short herbland with Bergia pusilla Benth. 
( E\at'maceae),Cetitrolepisexserta (R.Br.) Roem.&Schult. (Centrolepidaceae), Eriocaulon 
cinereum R.Br. (Eriocaulaceae), Trithuria lanterna D.A.Cooke (Hydatellaceae) and 
Utricularia chrysantha R.Br., on almost pure sand just above the receding water line. 
These populations occur in seasonally inundated depressions formed in abandoned 
sand extraction excavations, on the upper margin of a non-estuarine floodplain. The 
species appears to flower later and perhaps occurs in a seasonally more deeply inundated 
habitat than many other attached NT Utricularia species. 

Utricularia simmonsii is also known from three locations near the town of Lockhart 
River (12°47'S 143°2 l'E), Iron Range on Cape York. There, the species grows in a mixture 
of fine sand and grey silt on seasonally dry flatlands that are variably waterlogged or 
covered by very shallow water in the wet season. The areas are drained by shallow 
seasonal creeks, watersheds, drainage ditches, and rivulets running throughout the 
topography. The vegetation consists mainly of low growing herbs including many other 
Utricularia species, Byblis liniflora Salisb. (Byblidaceae), Drosera petiolaris R.Br. ex DC. 
(Droseraceae), Lindernia All. (Linderniaceae) and Mitrasacme Labill. (Loganiaceae) 
species. Scattered low shrubs also occur, as well as abundant orchids and Nepenthes 
mirabilis (Lour.) Druce (Nepenthaceae). 

Phenology: flowering and fruiting are recorded from May to July. 

Notes: comparison of specimens from the two regions where they occur reveals that 
although they are very similar, there are a number of leaf, trap, inflorescence, floral 
and fruit differences between them (Table 1). This possibly reflects the considerable 
distance between the populations (although this may in part also reflect under¬ 
collection due to the cryptic nature of the species). In particular, the bright pink area 
associated with the trap mouth (Figs 4c,d) seen in the Qld populations is unusual, 
or at least not a previously reported feature in the genus, and may serve as a visual 
attractant to potential prey. Similarly, the fruits in the Qld plants are tardily if at all 
dehiscent, apparently releasing the seeds only once the fruits have rotted. Nevertheless, 
given the small number of populations sampled and the need for more collections in 
the Northern Territory and Gulf of Carpentaria region of Queensland, these morphs 
are presently being regarded as conspecific pending more information. 
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Table 1. Comparison of features differing between the two regions where the new species 
occurs 


Feature 

Northern Territory 

Queensland 

Traps: position 

mainly on leaf bases, 
up to six per leaf 

mainly on rhizome and 
rhizoids, up to two on 
leaf bases 

Traps: dorsal appendage 

glabrous 

papillate on margin 

Traps: orifice 

hyaline 

red 

Peduncle 

without verrucae 

with light-catching, 
hyaline verrucae 

Bracts 

ovate-deltoid, acute 
to shortly acuminate 

obovate, apically ± 
3-lobed 

Calyx lower lobe 

0.5-0.75 mm long; 1/2 as 
long as lower corolla lobe 
or less 

1-1.2 mm long; more 
than 1/2 as long as lower 
corolla lobe 

Corolla upper lobe 

apical margin rounded to retuse 

apical margin involute 

Palate 

obvious, red-purple 

absent or virtually so 

Capsule and basal pore 

dehiscent 

indehiscent 


Utricularia simmonsii is separated from other Utricularia spp. by its diminutive stature, 
peduncle lacking scales, l-2(rarely 3)-flowered inflorescence, small, red-purple hood¬ 
like flowers without a spur. Other features that characterise the species are the dimidiate, 
unadorned traps, obloid, 5-6-colporate pollen and a globular placenta attached at its 
geometric centre. 

The species belongs in Utricularia subgenus Utricularia and shares some features 
with members of both section Enskide and section Pleiochasia but fits neither section 
well. The lack of scales on the peduncle, solitary or paired flowers, and the capsule 
dehiscing by an elliptic pore (albeit functionally indehiscent in the Queensland plants) 
suggest affinities to section Pleiochasia. This section is distributed across Australia, New 
Zealand and New Caledonia and includes 25 northern Australian species among them 
U. capilliflora F.Muell., U. hamiltonii F.E.Lloyd, U. holtzei F.Muell.,and U. rhododactylos 
P.Taylor. However, the unadorned traps with a lateral orifice, the obloid, 5-6-colporate 
pollen and the globular placenta attached at its geometric centre suggest they it is 
also allied with section Enskide, which comprises the two northern taxa Utricularia 
chrysantha and U. fulva 

Nevertheless, U. simmonsii is distinctive by possessing an open, hood-like corolla which 
clearly displays the anthers and stigma. The unique floral structure, especially the lack 
of a spur and the open-throated corolla makes it different not only from most other 
Utricularia species, but Lentibulariaceae in general, which are characterised in part 
by a basally spurred or saccate lower lip. This, combined with other unique shared 
features such as seed morphology, glandular hair types and position, and trap anatomy 
which are discussed below in more detail, justifies the erection of a new section to 
accommodate the species. 

Etymology: the species is named in honour of Paul Simmons, schoolteacher, 
botanist, carnivorous plant and ant-plant enthusiast, who discovered the species in 
Queensland. 

Conservation status: in the Northern Territory, the species is known from just 
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two locations near Darwin. Although plants were locally abundant with hundreds 
of flowering stems per square metre, little is known of the true size and extent of 
populations. Plants are very cryptic and not easy to see by casual observation, even 
when flowering. In addition, as discussed further below, it is likely that survey effort 
directed at other Utricularin species is mistimed for detection of this taxon. 

The possible threat posed to this species by sand mining is unclear. Curiously, the 
species is only known from abandoned sand mining scrapes at two localities. Generally, 
the poorly drained sandy soils in the Darwin area continue to be heavily exploited as 
a source of fine sand for building and construction (Doyle 2001) and the long term 
conservation status of the flora they support is of some concern. Field observation 
suggests that in some areas, sand mining has altered the local drainage to favour species 
that prefer deeper water and a longer period of inundation. On the available evidence, 
there is some indication that sand mining can favour this species by providing areas 
of sandy substrate that stay wet for longer into the dry season. On the other hand, 
no other populations have been found despite extensive survey work targeted at 
Utricularin species in similar habitat in the Darwin area, including a number of mined 
areas. However, given the apparent later fertile period of U. simmonsii (May-early July) 
there is some doubt as to whether the timing of this survey effort was appropriate 
to detection of this species. In addition, areas of similar habitat extend to the east of 
Darwin to as far as Cobourg Peninsula and Maningrida, including Kakadu National 
Park. These areas have not been intensively surveyed at an appropriate scale or time of 
year. Experience with other apparently restricted taxa suggests that the species is very 
likely to be found elsewhere when suitable habitat is surveyed using an appropriate 
methodology. 

The known populations occur on vacant free hold land which is proposed to become 
part of a bore field for the extraction of potable ground water for the City of Darwin 
and on the Howard River Hunting Reserve. In the short term, it appears it is at least 
offered some protection from clearing for residential or horticultural development, 
although the likely impacts of any adjacent development on site drainage and water 
quality are unknown. It is not anticipated that increased extraction of ground water 
will affect the species, as it is likely more influenced by the seasonal abundance of 
surface water. I he Howard River Hunting Reserve has a history of surface mining for 
the extraction of sand, but it is not known if further mining is planned. The area is also 
used for waterfowl hunting in season, and for recreational 4wd driving. 

In far north Queensland, Utricularin simmonsii is considered locally abundant at its 
three known locations and currently not under threat. The Tozer's Flat locality is 
presently protected from development and/or mining as it is situated c. 4 km to the 
N of Mt lozer and c. 2.5 km to the W of North Pap and South Pap, well within the 
boundaries of the Iron Range National Park 

Nevertheless, using IUCN (2001) Red list categories and guidelines, this species cannot 
be considered adequately surveyed and a conservation code of Data Deficient is 
thus recommended. However, given the uncertainty regarding the impact of further 
development of the rural area on the only known NT populations of this species, it 
requires interim protection until further survey is conducted and the species can be 
reassessed against IUCN criteria. 
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Utricularia section Minutae Lowrie, Cowie & Conran, sect. nov. 

Herbae minutae. Vesiculae nudae vel glandulis sessilibus dispersis; appendix dorsalis 
singula; saetae irretitantes papillatae. Corolla cucullata; calcar deficiens; labium inferum 
integrum limbo diminuto. Stamina et stylus per corollam inclusus attamen conspicuus. 
Pollinia obloidea, 5-6-colporata. Ovarium placenta globulari in centra geometrico 
affixa. Capsula poro ventrali longitudinali instructa. Semina testa longitudinaliter 
torquato-striata. 

Minute herbs. Bladders naked or with scattered sessile glands; with a single dorsal 
appendage; trapping hairs papillate; threshold glands 1-armed, internal glands bifid, 
arms ellipsoid and ovoid, c. 3 times as long as wide. Corolla hooded, lacking a nectary 
spur or a closed throat; lower lip lacking lateral lobes or an expanded pollinator landing 
apron. Stamens and style fully enclosed by corolla, but clearly visible. Pollen obloid, 
5-6-colporate. Placenta globular, attached at its geometric centre. Capsule with a 
ventral longitudinal pore. Seeds with elongated cells, appearing longitudinally swirled 
and striated. 

Type species. U. simmonsii Lowrie, Cowie & Conran 

The relationships of the section are uncertain, although it bears some similarities in 
trap structure to the native sect. Enskide, as well as to the mainly South American sects. 
Benjaminia, Stomoisia and Stylotheca in lacking lateral appendages or ventral wings, 
and in the presence of papillae (Fig. 4d). In addition, although the sampled members 
of Benjaminia and Stomoisia were part of the same broader clade in molecular analyses 
(Jobson & Albert 2002, Jobson et al. 2003, Muller et al. 2004, Muller & Borsch 2005), 
they did not form a monophyletic lineage. This makes naked bladders with a slight 
dorsal bulge (Figs 2d, 3c-d, 4a) a paraphyletic character (Jobson & Albert 2002), and 
thus not necessarily grounds for placing U. simmonsii within, or relating it closely to 
any existing section. 

The extreme reduction of the spur is uncommon in the genus. This character is shared 
only by the African U. rigida Benj. and U. tetraloba P. Taylor. In these species, the spur 
region is shallowly saccate whereas in U. simmonsi the spur is virtually absent. 

Seed and internal trap gland characters are taxonomically important in the genus 
(Thor 1988, Taylor 1989) and there are also some similarities in seed sculpturing to 
the above groups, although the fingerprint-like pattern in sect. Minutae differs from 
all of the others (Figs 2h, 3j). Similarly, the internal trap glands most closely resemble 
the pattern seen in sect. Stomoisia , with ovoid 1-armed threshold cells (Fig. 4c) and 
the remainder bifid (Fig. 4b). Nevertheless, there are again too many floral and other 
differences between sects Minutae and Stomoisia to warrant its inclusion in the latter. 

The presence and location of stipitate glandular hairs can be taxonomically important 
(Taylor 1989), although the significance of the structures is little understood. In U. 
simmonsii there are scattered sessile glands on the outside of the traps (Fig. 4d). The 
peduncle is ± glabrous, with raised longitudinal verrucae scattered over the surface 
which shine silver in sunlight. 

Pollen morphology is generally consistent within sections in Utricularia and regarded 
as having considerable taxonomic importance (Taylor 1989). sect. Minutae has 5-6- 
colporate pollen, similar to sect. Enskinde (4-7 colporate), whereas sect. Pleiochasia 
has species with 3-4-colporate grains. Nevertheless, lower aperture numbers (3-8) are 
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characteristic of the less derived members of the genus and occur in at least 11 sections 
making up the basal clades Ul-4 of Jobson et al. (2003), suggesting that the feature is 
plesiomorphic and not strongly indicative of affinity. 

Fruit dehiscence is another taxonomically important characteristic in Lentibulariaceae 
with 17 different patterns recognised, many of which have diagnostic potential at the 
sectional level (Taylor 1989). sect. Mimitae has fruits with a single, ventral longitudinal 
elliptic pore (Taylor's Type E), but although the sutures are prominent in near-mature 
fruits, once the fruit dries they effectively disappear and the fruits remain enclosed 
by the persistent sepals and are indehiscent (at least in the Qld populations). Taylor 
noted that Type E fruits were almost universal in sect. Pleiochasia, but also found that 
they were the most common type, occurring in a wide range of Utricularia species. 
Nevertheless, this feature is apparently plesiomorphic within the genus (Jobson et al. 
2003), making it of limited phylogenetic value. Similarly, sutureless fruits are known in 
some members of sects. Pleiochasia and Utricularia, and as Taylor (1989) observed, even 
some species with apparent suture lines may be functionally indehiscent. In contrast, 
species in sect. Enskinde dehisce by a single ventral pandurate pore, a unique feature in 
the genus which differentiates them from sect. Mimitae, despite their trap and pollen 
similarities. 

Overall, sect. Minutae seems to be closer on morphology to members of subgen. 
Bivalvia sensu Muller and Borsch (2005), although this requires molecular analysis to 
confirm, as well as wider comparisons with other taxa, especially the under-sampled 
northern Australian members of the family. Nevertheless, because sect. Minutae shows 
intermediacy in characters between several different sections in the genus, its precise 
affinities are uncertain, pending the results of ongoing morphological and molecular 
studies. 


Key to the Utricularia species in tropical Australia 

The key is derived from Taylor (1989) and the species are numbered according to his treatment 
to allow reference to descriptions there. Except where indicated, taxa occur in all regions 
(Western Australia, Northern Territory and Queensland). Species endemic to a particular state 
are indicated by an 'e' after the state abbreviation. 

1 Plants free-floating or suspended in water; leaves usually much divided; bracteoles usually 

absent. 2 

1* Plants attached to substrate; leaves entire or l-2(3)-divided; bracteoles usually present 
. 7 

2 Inflorescence stem with a whorl of ellipsoid floats above middle. 3 

2* Inflorescence stem without a whorl of floats or with narrowly fusiform floats at, or near the 
base. 4 

3 Floats shortly stipitate; calyx smaller than the capsule; seeds lenticular. 193 U. tnuelleri 

3* Floats sessile; calyx larger than capsule; seeds prismatic, winged . 192 17. stellaris 

4 Corolla pink; spur long and slender; bracts ovate. 23 U. tubulata 

4* Corolla yellow; spur conical to narrowly conical; bracts broadly ovate to orbicular. 5 

5 Ultimate leaf segments 2-8; upper corolla lip larger than lower. 179 U. gibba 

5* Ultimate leaf segments 20-80; upper corolla lip smaller than lower. 6 
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6 Primary leaf divisions more than 2; scales absent; corolla pubescent outside. 

. 190 17. anrea 

6* Primary leaf divisions 2; scales present on peduncle; corolla glabrous outside. 

. 184 U. australis 

7 Peduncle twining . 8 

7* Peduncle erect, not twining. 10 

8 Corolla pale mauve, 3-4 mm long (NT, Qld). 115 L7. foveolata 

8* Corolla yellow, c. 5-15 mm long. 9 

9 Corolla about 5 mm long, pale yellow (NT) . 108 U. circumvoluta 

9* Corolla 10-15 mm long, bright yellow (NT) . 84 17. involvens 

10 Corolla with 2 vertical filiform lobes. 11 

10*Corolla lacking 2 vertical filiform lobes. 14 

11 Capillary lobes arising laterally from the corolla lower lip base; flowers solitary. 12 

1 l*Capillary lobes arising from the corolla upper lip apex; flowers 1 or 3-5 . 13 

12 Corolla lower lip reduced to 3 minute teeth; apex of spur rounded (WA e) . 

.36 U. antennifera 

12*Corolla lower lip a well developed triangular lobe 1/3 or more times length of spur, lateral 
lobes minute or absent; spur apex emarginate (WA, NT). 35 U. dunstaniae 

13 Corolla lower lip 5-lobed; flowers solitary (NT e) . 33 17. capilliflora 

13*Corolla lower lip 3-lobed; inflorescence 2-5-flowered (WA, NT) . 34 17. dunlopii 

14 Scales present on peduncle. 15 

14*Scales absent. 26 

15 Scales and bracts basifixed, bracteoles present . 16 

15*Scales and bracts medifixed (or nearly so), bracteoles present or absent . 22 

16 Corolla white or mauve . 17 

16*Corolla yellow . 19 

17 Corolla lower lip shallowly 3-lobed . 37 17. minutissima* 

17*Corolla lower lip entire, rounded or retuse. 18 

18 Bracts more or less equal in width to bracteoles; spur conical, apex shortly and acutely 

bidentate (Qld, southern Aust.).40 U. lateriflora 

18*Bracts much wider than bracteoles; spur narrowly conical, apex acute . 92 U. uliginosa 

19 Corolla spotted with dark red; upper lip with 2 broad lobes (NT e) . 81 U.fulva 

19*Corolla unspotted, but nerves may be red or brown; upper lip entire or emarginate . 20 

20 Corolla lower lip 4-lobed; bracts cordate at base . 80 17. chrysantha 

20*Corolla lower lip entire or shallowly 2-lobed; bracts not cordate. 21 

21 Corolla 6-10 mm long, upper lip narrower than the calyx; inflorescence 3-30 cm tall 

..... 82 17. bifida 

21*Corolla 10-15 mm long, upper lip wider than the calyx; inflorescence 25-55 cm tall (NT) 
..*..!. 83 U. odorata 

22 Corolla pale yellow; scales often ciliolate (NT). 165 17. subulata 

22*Corolla white or blue to purple; scales glabrous. 23 

23 Bracteoles present; corolla lower lip entire or obscurely lobed; leaves entire. 

. 43 17. caerulea 

23*Bracteoles absent; corolla lower lip with 2 well developed lobes; leaves divided . 24 
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24 Corolla 10-25 mm long, spur 7-15 mm long; bracts 3-4 mm long (WA, NT) . 

. 174 U. leploplectra 

24* Corolla 4-10 mm long; spur 3-10 mm long; bracts 2.5 mm long or less . 25 

25 Corolla dark blue-violet, 7-10 mm long; spur about as long as lower lip; leaf segments 

opposite (southern Qld) . 175 U. biloba 

25* Corolla white or pale, 3-6 mm long; spur longer than lower lip; leaf segments alternate 
. 173 U. limosa 

26 Corolla lower lip 5-lobed.:. 27 

26* Corolla lower lip entire, crenate or 2-4-lobed. 30 

27 Corolla white. 28 

27* Corolla pink or mauve..... 29 

28 Corolla 4-8 mm wide (NT e) . 30 U. holtzei 

28* Corolla about 2 mm wide. 29 U. quinquedentata 

29 Corolla upper lip shorter than the upper calyx lobe; base of lower lip without ridges 

(NT e). 32 U. cheiranthos 

29* Corolla upper lip longer than the upper calyx lobe; base of lower lip with 4 rounded ridges 
(NT e) . 311/. rhododactylos 

30 Corolla 4 mm long or less. 31 

30* Corolla 6 mm long or more. 32 

31 Corolla c. 3 mm long, white to yellow, spur well developed and slightly longer than lower lip 

(Qld e) . 28 U. albiflora 

31* Corolla 1.5 mm long or less, dark pink to red, spur greatly reduced, apparently absent (NT, 
Qld). U. simtnonsii 

32 Bracts and bracteoles medifixed (or nearly so), connate below the point of attachment and 

forming a tube around peduncle ... 33 

32* Bracts and bracteoles medifixed or basifixed, when medifixed, free below the point of 
attachment and not forming a tube around peduncle. 34 

33 Corolla lower lip with 3 equal, narrow oblong-obovate lobes, white to pale mauve (WA e) 

. l6U.georgei 

33* Corolla lower lip entire or obscurely 3-crenate, mauve (WA, NT) . 

. 15 U. kimberleyensis 

34 Peduncle hairy, at least at base.. 35 

34* Peduncle glabrous, at most minutely papillose at base. 38 

35 Bracts and bracteoles ciliate; bracts basifixed. 24 U. lasiocatdis 

35* Bracts and bracteoles not ciliate; bracts basifixed or medifixed . 36 

36 Corolla pale mauve, lower lip of 3 long oblong lobes; bracts medifixed (NT e). 

. 25 U. kamienskii 

36* Corolla mauve to purple, lower lip of 3 short rounded lobes; bracts basifixed or medifixed 
. 37 

37 Flowers usually solitary; upper lip constricted near base, upper part elliptic, apex emarginate 

(WAe) ..... 26 U. kenneallyi 

37* Flowers 2-4, rarely 1; upper lip constricted in centre, upper part oblong, apex more or less 
deeply bifid (WA, NT) . 27 U. leptorhyncha 

38 Corolla lower lip distinctly 3-lobed . 39 

38* Corolla lower lip entire or obscurely 2-4-lobed. 40 

39 Lobes of lower lip as long as wide (WA f , NT) . 19 U. arnhemica 

39* Lobes of lower lip 3 times longer than wide (WA e). 20 U. tridactyla 
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40 Corolla spur not widely divergent from lower lip, erect, broadly obloid at base tapering to a 

dorsally flattened, narrow apex (WA f , NT) . 21 U. singeriaita 

40*Corolla spur diverging widely from lower lip, usually deflexed and narrow, apex acute to 
obtuse .... 41 

41 Spur broadly conical, obtuse, distinctly longer than lower lip; flowers 1 (—3) (WA, NT A ) 
. 22 U.fistulosa 

41 “Spur narrowly conical, cylindrical or cylindrical-subulate, straight or tapering gradually, 

equal to or shorter than lower lip; flowers 1-9. 42 

42 Flowers 2-9, rarely 1; bracts often with the base more or less swollen, sometimes free .. 43 

42*Flowers always solitary; bracts membranous to herbaceous . 44 

43 Palate with 2-3 prominent ridges; apex of upper lip rounded to emarginate; leaf apex 

rounded to acute (Qld, southern Aust.) . 10 U. dichotoma 

43*Palate ridges not prominent; apex of upper lip shortly bilobed to emarginate; leaf apex 
subulate (NT e) ... 18 U. triflora 

44 Corolla 6-12m long, usually mauve, apex of upper lip divided into two deltoid lobes, lower 

lip 4-angled (WA D ,NT) . 17 U.hamiltonii 

44*Corolla 15-20 mm long, white or very pale violet, apex of upper lip truncate to emarginate, 
lower lip transversely elliptic (Qld e). 11. U. terrae-reginae 


"There is also another very small flowered (c. 2 mm), apparently new taxon known from further 
north on Cape York (). Clarkson pers. comm.) with purple, spurred, palated flowers similar 
to a tiny version of the widespread U. minutissima Vahl., but which requires further study to 
determine its identity and affinities. 

' There is some doubt that this name has been applied correctly to WA specimens and the 
material is currently under study. 

1 This taxon is now recorded for WA (R. Barrett pers. comm.; FloraBase 2007). 

A Utricularia jistulosa has recently been recorded (K.G.Brennan 7275) from Macadam Range, 
in NT. 

° In the Kimberley, an all-white-flowered form of U. hamiltonii has recently been discovered. The 
typical mauve-flowered U. hamiltonii common in the Northern Territory was not found at the 
Kimberley location (R. Barrett pers. comm.). 
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Abstract 

The progressive aridification of the Australian continent during the last 30 million years has 
considerably reduced the amount of habitat suited to broad-leaved vegetation. The fossil 
record suggests that much diversity has been lost in that period, and that the extreme climatic 
fluctuations of the Quaternary stressed the remaining refugial areas even further. Yet, despite the 
considerable transformation of the surrounding environment, the rainforest remnants scattered 
along the east coast still contain considerable levels of biodiversity and endemism. This complex 
matrix of remnants reflects a long and varied history of selective pressures, and represents an ideal 
setting for evolutionary studies. Although the conservatism of some rainforest lineages points 
to localised environmental stability, it also highlights the importance of adaptive potential and 
selective tolerance. A number of recent case studies show that the tension between persistence 
and dispersal (often in combination with other factors) is an important mechanism contributing 
to the survival and distribution of rainforest species. This paper discusses the benefits of linking 
molecular, ecological and environmental data to improve both interpretations and hypotheses 
of current (neo) and past (paleo) distributions and relationships among rainforest plants, 
and how this information can be used to improve conservation and management approaches. 
Understanding how species and communities have survived past environmental change will be 
a critical step in predicting likely responses to future threats. A selection of integrative research 
topics that are likely to increase our predictive capacity for future change are outlined. 
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Introduction: decline from dominance 

Paleo-botanical studies suggest that during the Mid Eocene, closed canopy forests 
represented the dominant vegetation type across the Australian continent (Kershaw 
et al. 1991). Forests similar to those now restricted to the northern and wetter parts of 
Queensland were once widespread at much higher latitudes. As the Australian land- 
mass separated from Antarctica in the Late Eocene, the formation of circumpolar 
currents increased the amount of moisture trapped at the South Pole as ice. This was 
followed hy a global decline in temperature, and by increased aridilication and retreat 
of rainforest vegetation continent-wide (Greenwood & Christophel 2005). By the 
Mid Miocene the extensive Western Australian paleo-drainage had dried. Rainforests 
disappeared from central Australia and were eventually restricted to wetter coastal 
habitats by the Late Miocene (Martin 2006). Evidence suggests that in the last 10 My 
the core rainforest areas of the Wet Tropics have remained relatively ecologically stable, 
while further fragmentation, aridilication and loss of biodiversity took place at more 
southern latitudes (Kershaw et al. 2005). 

Extensive macro- and micro-fossil records show that the Mid Eocene forests were 
dominated by families (such as CAinoniaceae, Elaeocarpaceae, Lauraceae, Myrtaceae 
and Proteaceae) that remain important in modern Australia (Greenwood & 
Christophel 2005). Floristically, rainforests are often considered as the living links to 
Australia’s ancient past as they harbour a high concentration of primitive angiosperms 
(Webb & Tracey 1981). These paleo-endemics are vestiges of previously widespread 
taxa and are concentrated in the Wet Tropics and across the eastern border between 
Queensland and New South Wales (Whiffin & Hyland 1986). In some families only 
moderate morphological modifications have occurred during the last 55 My despite 
the major climatic adjustments that took place as the Australian continent traveled 
through 20° in latitude (Hill 2004). However, while some lineages have barely changed 
in morphology, the fossil record proves that their distribution has been considerably 
modified. For example, Oligocenc and Miocene fossil floras from Victoria, New South 
Wales and southern and central Queensland contain endocarps of Elaeocarpus clarkei 
F.Muell. morphologically similar to the modern E. bancroftii F.Muell. & F.M.Bailey 
that is restricted to the Wet Tropics (Rozefelds & Christophel 1996, Greenwood & 
Christophel 2005). 

Interestingly, the morphological adjustments that did take place were not necessarily in 
response to aridification. Hill (2004) suggested that the appearance of scleromorphy/ 
xeromorphy in Proteaceae during the Mid Eocene (a period of high rainfall) was likely to 
be a response to nutrient deficient soils and/or higher light levels. These characteristics 
however, were an important source of evolutionary potential for adaptation to aridity, 
with increased diversification of sclerophyllous lineages taking place between 25 
and 10 Mya (Crisp et al. 2004). More recently, molecular phylogenetic studies have 
contributed to the development of new hypotheses about previously unexpected 
relationships between dry-adapted and rainforest lineages. One such example is 
Tremandraceae, a former southern family of dry-adapted shrubs recently shown to be 
part of Elaeocarpaceae (comprising mostly rainforest trees), with the diversification of 
Tetratheca, the largest genus, putatively occurring during the major aridification phase 
of the Late Miocene (Crayn et al. 2006). 

Because of the continental-scale climatic and environmental changes described, all 
remaining rainforest areas in Australia can be considered as refugia. Yet, despite covering 
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<1% of the land area, rainforests still contain a considerable portion of Australia’s 
unique biodiversity (Adam 1992). 

The extreme climatic events of the Quaternary 

The fossil record suggests that the greatest reduction in suitable rainforest habitat and 
diversity occurred before the Quaternary (Hill 2004). However, the most recent ice-age 
caused significant adjustments to species distributions worldwide, particularly during 
the last 700 Ky when climatic fluctuations were more intense (Hays et al. 1976). In 
Australia, rather than creating extensive ice sheets, ice-ages shaped the distribution 
of vegetation by increasing aridity, fire frequency and fire intensity (Bowman 2000). 
Paleo-climatic models suggest that the changes in temperature and moisture regimes 
caused by glacial maxima fragmented rainforest remnants into even smaller refugia 
(Nix 1991). As in most other areas around the globe, some species adapted to these 
new conditions or dispersed to more suitable locations, while others only persisted in 
marginal portions of their former range or became extinct (Hewitt 2000). Well-dated 
marine palynological records from northern Queensland suggest that throughout the 
late Cenozoic, complex rainforests occupied the wetter habitats and were surrounded by 
extensive drier araucarian forests that functioned as a transition to true sclerophyllous 
vegetation (Kershaw et al. 2005). In the last 200 Ky, increased climatic instability 
brought about greater environmental stress and vulnerability to fire, resulting in the 
replacement of the araucarian forest by true sclerophyllous vegetation dominated by 
eucalypts. The last glacial maximum was particularly intense, with severe and persistent 
fragmentation revealed by Eucalyptus intrusions in current Wet Tropics rainforest areas 
as recently as eight thousand years ago (Hopkins et al. 1993). The intensity of these 
more recent events is likely to have caused further extinctions (Kershaw 1994). 

During the brief inter-glacials (such as the one we are currently in) climatic conditions 
improved and refugial populations could expand into newly available habitat. The 
success of post-glacial expansions depended on a range of factors such as recruitment 
and dispersal potential, and played an important role in defining modern-day 
distribution patterns. Extensive palynological records from the Northern Hemisphere 
show that tree species responded differently to climate change, tracking their individual 
habitat requirements according to their dispersal capability (Hewitt 1996). During this 
expansion process, transitional plant communities that were considerably different to 
current ones were established with the help of small populations that persisted within 
microclimate pockets in areas otherwise considered as unsuitable. Recent studies 
suggest that a predicted loss of core’ habitat does not necessarily imply population 
extinction (although it certainly implies greater vulnerability), and that in order to 
understand temporal distributional changes of plant communities, it is essential to 
appreciate the tolerance of single species to environmental fluctuations (Stewart & 
Lister 2001). Similar species-level palynological records have not yet been identified for 
the Australian paleo-flora, as the focus of most studies has been on broad vegetation 
structure. As we await more detailed palynological investigations on rainforest taxa, 
we can assume that suitable circumstances existed for the survival of small refugial 
populations along the eastern coast of Australia. 
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The molecular revolution: fine-scale evolutionary dynamics 

Paleo-ecological, biogeographic and systematic studies have provided valuable 
information on the evolutionary and distributional shifts that shaped the Australian 
flora. However, if we are interested in the factors impacting on the survival/extinction 
of species, we must also consider the fine-scale influence of selective biotic and abiotic 
processes. The advances in molecular genetics over the past 20 years have significantly 
contributed to this goal. For example, reciprocally monophyletic populations 
(evolutionary significant units) can be identified by sampling selected loci prone to 
high substitution rates but non-recombinant and uni-parentally inherited (Moritz 
1994). These genetically distinct groups identify historically isolated populations and 
define the location of barriers to gene flow (such as those established by changing 
climatic conditions). The availability of complementary fossil and molecular data and 
the recent development of improved analytical approaches (Sanderson 2003) provide 
the opportunity to explore the temporal dimension of these evolutionary processes. 

Comparative studies on co-distributed species can make use of the genetic signatures 
left by different expansion patterns to identify the locations of refugia, the factors 
affecting expansion patterns and the adaptive potential of these taxa. In the Northern 
Hemisphere, haplotypic data from a range of maternally-inherited chloroplast loci 
have been used to track post-glacial re-colonisation patterns in a considerable number 
of tree species, confirming models previously suggested by palynological data (Petit et 
al. 2005). Interestingly, comparative studies in Quercus have concluded that during the 
last glaciation a more complex matrix of localised refugia (and consequently greater 
genetic diversity) was maintained in California than in Western Europe, highlighting 
how habitat availability and different life-history combinations can influence re¬ 
colonisation outcomes (Grivet et al. 2006). Similar studies are still limited in Australia. 
An overview of plastid DNA variation across the natural range of Tasmanian eucalypts 
from section Maidenaria showed that genetic variation correlates more with geography 
than taxonomy (McKinnon et al. 2001). This regional haplotype-sharing pattern 
suggests that extensive hybridisation took place among local eucalypts following 
the latest ice age (McKinnon et al. 2004), a pattern reminiscent of that found in the 
European oaks (Petit et al. 2002). 

An Australian rainforest perspective 

Australian rainforest habitats providean ideal setting for evolutionary studies (Schneider 
et al. 1998). They have high amounts of taxonomic diversity and endemism and, as 
suggested by fossil evidence, include ancient lineages that have been continuously 
present in the region (Hill 2004, Greenwood & Christophel 2005). Furthermore, 
rainforests are currently distributed across a matrix of differentially sized and spaced 
remnants that reflect a long and varied history of environmental disturbance and 
selective pressures (Moritz & McDonald 2005). 

Until recently, most of the molecular research investigating the history and dynamics 
of Australian rainforests was focused on the fauna of the Wet Tropics. Phylogeographic 
studies on a number of low-vagility vertebrates (including habitat-specialist birds, 
lizards and frogs) detected significant genetic disjunction between populations 
distributed across a previously identified (Nix 1991) biogeographic barrier, the Black 
Mountain Corridor (BMC, a strip of low-lying land between Cairns and Mossman that 
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interrupts the Great Dividing Range; Schneider et al. 1998). Molecular divergence was 
ascribed to multiple vicariance episodes mostly near the BMC area, with the majority 
of speciation events originating before the Pleistocene. This suggests that the climatic 
fluctuations of the Quaternary generally emphasised existing divergence patterns 
rather than creating new ones (Schneider et al. 1998, Schneider 8 j Williams 2005). The 
shallow genetic divergences measured between single putative refugia, and the lower 
genetic diversity in southern populations also suggest that a loss of suitable habitat 
during glacial maxima (and likely decline in species richness) was followed by rapid re¬ 
colonisation (Moritz 8c McDonald 2005). As these events are affected by the ecological 
characteristics of each species, it has been suggested that future studies should also 
pay attention to the ecological factors likely to impart selective constraints rather than 
focus on geographic isolation alone (Schneider et al. 1999). 

The available fossil evidence from the Australian rainforest flora also points to an 
historical decline in diversity, although limited examples of recent speciation exist within 
southern rainforests (Rossetto 2005, Savolainen et al. 2006). To date, no phylogeographic 
research on the Australian rainforest flora has been published. However, a few studies 
assessing overall genetic diversity across single species have detected significant north/ 
south genetic disjunctions ( Fontainea australis Jessup 8c Guymer, Rossetto et al. 2000; 
Araucaria bidwillii Hook., Pye 8c Gadek 2004; Nothofagus moorei (F.Muell.) Krasser, 
Taylor et al. 2005). A more recent study sampled the entire distribution of two related 
and co-distributed rainforest trees, documenting substantial discrepancies in genetic 
differentiation across biogeographic barriers such as the BMC (Rossetto et al. 2007). 
While Elaeocarpus largiflorens C.T.White revealed an abrupt genetic front between 
two morphologically distinct subspecies separated by the BMC, the same barrier was 
inconsequential to E. angustifolius Blume (which showed lower genetic differentiation 
across a much wider geographic gap). A broader study in progress is comparing genetic 
disjunctions across 11 tropical Elaeocarpus species representing a range of habitat 
preferences and life-history traits combinations. Interesting preliminary patterns 
include north/south genetic disjunctions for higher-altitude species (as previously 
shown in E. largiflorens), as well as an unexpected lack of impact of fruit type on genetic 
structure (Rossetto et al. in prep.). 

Understanding evolut ionary patterns at temporal and geographical scales is only the first 
step as it is essential to relate these patterns to causal factors. Simulations investigating 
the expansion potential of trees show that models that take into account life-history 
traits relating to dispersal and life-cycle are more realistic and more likely to provide 
the correct interpretation of molecular data (Austerlitz 8c Garnier-Gere 2003). Thus 
in order to discover the factors regulating landscape connectivity, it is important to 
develop more studies targeting range-wide sampling across related species representing 
diverse habitat preferences and life-history traits. 

Evolutionary ecology: finding meaningful patterns 

Multi-species studies integrating ecological, molecular and environmental evidence 
can identify broad evolutionary patterns, and recognise the mechanisms that influence 
the survival of populations and species. Recent work is uncovering broad correlations 
between life-history traits and the distribution of taxa. For instance, a study comparing 
sexual systems across Australian tropical trees (1113 species from 83 families) found 
that the incidence of monoecy is significantly higher in Australia than in other tropical 
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floras (Gross 2005). Although phylogeny might be partly responsible tor this (about 
50% of the monoecious taxa are from two families). Gross (2005) suggested that the 
reliance on inefficient insect pollinators could have favoured the maintenance of 
monoecy. Another large-scale rainforest study including 258 species from the Nightcap 
Ranges (northern NSW), identified the life-history traits associated with persistence 
and dispersal as the most influential in describing the current distribution of locally 
rare trees (Rossetto & Kooyman 2005). The results suggest that major environmental 
changes have been important selective drivers on large-fruited species within these 
southern rainforests. It can be assumed that while large-seeded plants can establish 
more efficiently, lower seed production and the absence of dispersal organisms reduce 
expansion capability after a bottleneck. As a result, the large-fruited species that survived 
habitat contractions are likely to be the ones that could enhance their competitiveness 
through in-ground stem persistence. Fine-scale molecular studies on narrow endemic 
taxa are supporting this hypothesis (Rossetto et al. 2004a, Rossetto & Kooyman 2005, 
Rossetto et al. in prep.). For instance, the high levels of diversity within small, isolated 
populations of Eidothea hardeiiiana P.H.Weston and Elaeocarpus sedentarius could be 
symptomatic of a strategy involving the reliance on self-replacement of individuals 
through resprouting rather than recruitment. The lack of correlation between genetic 
and geographic disjunctions despite the presence of strong population-level genetic 
autocorrelation, also highlight the impact of limited dispersal. 

The persistence niche 

The importance of persistence is often neglected while that of recruitment is emphasised, 
yet many ecosystems are dominated by resprouters (Bond & Midgley 2001). Vegetative 
reproduction provides a competitive edge by allowing the sharing of resources between 
connected ramets, and can be considered as an alternative lifecycle loop that allows 
persistence in species that are not able to complete a normal life-cycle. The persistence 
niche is suitable to a range of disturbance regimes, enables species to tolerate long 
periods without recruitment, allows regeneration in unsuitable conditions and can 
reduce the loss of population-level genetic diversity (Bond & Midgley 2001). This 
strategy can be particularly suitable to species constrained to less than ideal habitats, 
and Johnson and Lacey (1983) suggested that it might be an important long-term 
survival strategy for rainforest trees. 

Resprouting is a relatively safe escape route under suboptimal conditions but prolonged 
clonal growth through environmental suppression of sexual reproduction can lead to 
monoclonal populations. There are some interesting examples of extreme clonality in 
the Australian flora. For example a range of molecular approaches could not identify any 
variation across individuals of Wollemia nobilis sampled from all known sites (Peakall et 
al. 2003). Similar circumstances were discovered for Elaeocarpus williamsianus Guymer, 
a tree restricted to a number of disjunct and mostly disturbed rainforest remnants in 
northern NSW. A genetic study found that all populations but one consisted of single 
clones and since this is a preferential outcrossing species, viable seed could not be set 
(Rossetto et al. 2004a). E. williamsianus is now locked into an evolutionary dead-end 
loop: long- and short-term disturbance events have favoured excessive clonality that 
prevents sexual reproduction and long distance dispersal. In turn, limited dispersal 
prevents range expansion and the potential gene flow which would re-establish a 
balance between vegetative and sexual reproduction. 
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The importance of dispersal 

There is increasing evidence that expansion mechanism and habitat preference are 
among the main factors affecting the temporal distribution and the diversification 
potential of plant species (Pearson 2006). Dispersal of propagules enables genetic 
exchange (thus reducing vicariant divergence and inbreeding), as well as expansion to 
newly available habitat and recovery after unfavourable circumstances. For instance, 
rainforest trees that produce fleshy, highly dispersible fruits can be expected to have lower 
levels of between-population genetic differentiation than species with less palatable 
fruits (Shapcott 2000). Thus fruit morphology can affect current distribution patterns, 
and mal-adaptation through lack of dispersers can explain rarity in the vertebrate-poor 
rainforests of northern NSW (Rossetto et al. 2004a, Rossetto & Kooyman 2005, Rossetto 
et al. submitted), although it does not imply short-term extinction (as previously 
suggested; Archer et al. 1994). It is important to remember that inference of expansion 
potential from fruit morphology alone can be unsatisfactory, as capacity for dispersal 
is not necessarily synonymous with effective dispersal (i.e. including establishment). 
Unfortunately, information on dispersal efficiency of the Australian rainforest flora is 
still limited although an increasing number of recent studies are measuring active fruit 
dispersal by Wet Tropic frugivores (Westcott & Graham 2000, Westcott et al. 2005). 
The tension between persistence and dispersal is likely to be an important mechanism 
contributing to the current distribution of many rainforest species, but clearly there are 
other factors that also need to be investigated. 

These early studies are showing that paleo-endemic species can survive for a long 
time within small populations (Rossetto et al. 2000, Rossetto et al. 2004a, Rossetto 
& Kooyman 2005). This suggests that single populations, or even whole new species 
(Weston & Kooyman 2002), can still be found within moderately-sized vegetation 
remnants, and that small populations are not doomed as they can persist and maintain 
potential for future expansion (it and when suitable conditions arise). However, it is 
important to stress that this apparent resilience does not make restricted populations 
less vulnerable to stochastic events and anthropogenic disturbance. 

Reacting to the biodiversity crisis 

During the last 150 years the impact of logging, clearing and urbanisation has further 
reduced the extent of rainforest vegetation in Australia (Connelly & Specht 1988). This 
is particularly true for the Big Scrub of northern NSW (which covered an area of over 
70 000 ha prior to European settlement) where widespread clearing has restricted 
rainforest vegetation to approximately 1% of its original distribution (Lott & Duggin 
1993). Rainforests worldwide are subject to increasing external pressures and degradation 
that dissect continuous species distributions into isolated fragments (Whitmore 1997, 
Arnold & Rossetto 2002, Rossetto et al. 2004b) and despite recent controversy on the 
true extent of the global rainforest biodiversity crisis (Wright & Muller-Landau 2006; 
but see Laurence 2006), we now recognise that drastic environmental modifications 
linked to impending climate change threaten the integrity and long-term sustainability 
of rainforest ecosystems. For instance, in the Wet Tropics where the altitudinal gradient 
is the most significant factor explaining fauna compositional patterns (Williams et al. 
2003), climate change scenarios (with temperature increasing up to 5°C in the short 
term) predict a significant reduction in suitable upland conditions and the potential 
disappearance of entire habitat types. Consequently, rainforest conservation and 
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management faces challenges at two temporal levels: the contemporary, dealing with 
current threatened species lists and habitat fragmentation, and the future, dealing with 
the predicted decline of already small habitat remnants. 

Understanding likely responses to future threats is crucial to conservation planning, and 
one of the main challenges for conservation biology will be to anticipate environmental 
change and adjust management approaches accordingly. By appreciating how past 
climatic cycles have affected selective biotic and abiotic pressures and consequently 
the survival and distribution of species and ecological communities, we will be able 
to develop predictive models that determine vulnerability to future change. An 
increasingly common response to the problem is the development of multi-species 
recovery plans, which hopefully will be followed by multi-species implementation 
projects. Biologically meaningful multi-species approaches are being explored, such 
as the one based on trait-based functional groups currently being developed for the 
threatened flora of the Border Ranges (Kooyman & Rossetto in prep.). In the long¬ 
term, a focused approach involving integrative research will facilitate the management 
of threats and risks at the species, multi-species and the ecosystem levels. 


Conclusion: where to from here? 

Fossil evidence shows a considerable level of conservatism in the Australian rainforest 
flora despite gradual long-term and intensive short-term environmental change. This 
suggests the presence of localised environmental stability, but also points to the adaptive 
potential of some lineages that have survived the evolutionary sifting of severe climatic 
cycles. It can be expected that a range of key biological (evolutionary) factors played an 
important role in the endurance of the remaining rainforest flora. To better understand 
the factors influencing evolutionary processes, future research should include: 

1) Phylogenetically structured multi-species molecular ecology studies targeting 
important biogeographic barriers and selected functional groups. The discovery of 
repeated patternsofgeneticdivergence will identify landscape featuresofevolutionary 
significance and selectively important life-history traits. The availability of relevant 
paleo-ecological data would also enable the accurate dating of these events. 

2) Evaluations of multiple associat ive patterns among selected life-history traits and the 
distribution of species (and/or genes). This will contribute to the identification of the 
major factors likely to affect the evolutionary response to changing environmental 
circumstances. 

3) The development of models (based on appropriate levels of ground-truthing and 
in-situ data gathering) that can differentiate between potential and realised niches 
for species and ecological communities. This will improve our understanding of the 
level of tolerance of species and communities, and enable us to predict the impact of 
future environmental and climatic change. 

On their own, these are important areas of research but the greatest scientific benefit 
will arise from developing experimental designs that combine them all. The Australian 
rainforest flora provides a unique evolutionary scenario for this type of research; 
however these approaches are suitable and relevant to a broad range of vegetation types. 


Integrative studies on flora evolution 


Telopea 12(1): 2008 


55 


Acknowledgments 

I would like to thank Darren Crayn, Robert Kooyman and the editorial committee for 
providing useful comments on this manuscript. 


References 

Adam P (1992) Australian rainforests. (Oxford University Press: Oxford) 

Archer M, Hand SJ & Godthelp H (1994) Patterns in the history of Australia’s mammals and 
inferences about paleohabitats. Pp. 80-103 in Hill R (ed.) History of the Australian vegetation 
- Cretaceous to recent. (Cambridge University Press: Cambridge) 

Arnold C 8c Rossetto M (2002) Comparative population studies in two Cissus species (Vitaceae) 
across fragmented and undisturbed rainforests habitats. Cutminghamia 7: 683-694. 

AusterlitzF & Garnier-Gere PH (2003) Modelling the impact of colonisation on genetic diversity 
and differentiation of forest trees: interaction of life-cycle, pollen flow and seed long-distance 
dispersal. Heredity 90: 282-290. 

Bond WJ & Midgley JJ (2001) Ecology of sprouting in woody plants: the persistence niche. 
Trends in Ecology and Evolution 16:45-51. 

Bowman DMJS (2000) Australian rainforests - islands of green in a land of fire. (Cambridge 
University Press: Cambridge) 

Connelly S & Specht A (1988) Big Scrub conservation strategy. (New South Wales National Parks 
and Wildlife Service: Sydney) 

Crayn DM, Rossetto M & Maynard DJ (2006) Molecular phylogeny and dating reveals an Oligo- 
Miocene radiation of dry-adapted shrubs (Tremandraceae) from rainforest tree progenitors 
(Elaeocarpaceae) in Australia. American Journal of Botany 93: 1168-1182. 

Crisp M, Cook L 8c Steane D (2004) Radiation of the Australian flora: what can comparisons of 
molecular phylogenies across multiple taxa tell us about the evolution of diversity in present- 
day communities? Philosophical Transactions of the Royal Society London B 359:1551-1571. 

Greenwood DR 8c Christophel DC (2005) The origins and Tertiary history of Australian Tropical 
rainforests. Pp. 336-373 in Bermingham E, Dick CW 8c Moritz C (eds) Tropical rainforests: 
past, present and future. (The University of Chicago Press: USA) 

Grivet D,DeguillouxMF, Petit RJ 8c SorkVL (2006) Contrastingpatterns of historical colonization 
in white oaks ( Qitercus spp.) in California and Europe. Molecular Ecology 15:4085-4093. 

Gross CL (2005) A comparison of the sexual systems in the trees from the Australian tropics with 
other tropical biomes - more monoecy but why? American Journal of Botany 92: 907-919. 

Hays )D, Imbrie J 8c Shackelton NJ (1976) Variations in the Earth’s orbit: pacemaker of the ice 
ages. Science 194:1121-1132. 

Hewitt CM (1996) Some genetic consequences of ice ages, and their role in divergence and 
speciation. Biological Journal of the Linnean Society 58: 247-276. 

Hewitt CM (2000) The genetic legacy of the quaternary ice ages. Nature 405: 907-913. 

Hill RS (2004) Origins of the southeastern Australian vegetation. Philosophical Transactions of 
the Royal Society London B 359: 1537-1549. 

Hopkins MS, Ash J, Graham AW, Head J 8c Hewett RK (1993) Charcoal evidence of the spatial 
extent of the Eucalyptus woodland expansions and rainforest contractions in North 
Queensland during the Late Pleistocene. Journal of Biogeography 20: 357-372. 

Johnston RD 8c Lacey CJ (1983) Multi-stemmed trees in rainforest. Australian Journal of Botany 
31: 189-195. 

Kershaw AP (1994) Pleistocene vegetation of the humid tropics of northeastern Queensland, 
Australia. Palaeogeography, Palaeoclimatology, Palaeoecology 109: 399-412. 

Kershaw AP, Sluiter IR, McEwan Mason J, Wagstaff BE 8c Whitelaw M (1991) The history of 
rainforest in Australia - evidence from pollen. Pp. 1-16 in Werren G 8c Kershaw P (eds) The 
rainforest legacy, vol. 3. (Australian Government Publishing Service: Canberra) 


56 


Telopea 12(1): 2008 


Rossetto 


Kershaw AP, Moss PT 8c Wild R (2005) Patterns and causes of vegetation change in the Australian 
Wet Tropics region over the last 10 million years. Pp. 374-400 in Bermingham E, Dick CW 
& Moritz C (eds.) Tropical rainforests: past, present and future. (The University of Chicago 
Press: USA) 

Kolb A & Diekmann M 2005. Effects of life-history traits on responses of plant species to forest 
fragmentation. Conservation Biology 19: 929-938. 

Laurence WF (2006) Have we, overstated the tropical biodiversity crisis? Trends in Ecology and 
Evolution 22: 65-70. 

Lott RH & Duggin JA (1993) Conservation significance and long term viability of subtropical 
rainforest remnants of the Big Scrub, North-Eastern New South Wales. (Department of 
Ecosystem Management, University of New England: Armidale) 

Martin HA (2006) Cenozoic climatic change and the development of the arid vegetation in 
Australia. Journal of Arid Environments 66: 533-563. 

McKinnon GE, VaiUancourt RE, Jackson HD & Potts BM (2001) Chloroplast sharing in the 
Tasmanian eucalypts. Evolution 55: 703-711. 

McKinnon GE, Jordan GJ, VaiUancourt RE, Steane DA 8c Potts BM (2004) Glacial refugia and 
reticulate evolution: the case of the Tasmanian eucalypts. Philosophical Transactions of the 
Royal Society London B 359: 275-284. 

Moritz C (1994) Defining ‘Evolutionary Significant Units’ for conservation. Trends in Ecology 
and Evolution 9: 373—375. 

Moritz C & McDonald KR (2005) Evolutionary approaches to the conservation of tropical 
rainforest vertebrates. Pp. 532-557 in Bermingham E, Dick CW & Moritz C (eds) Tropical 
rainforests: past, present and future. (The University of Chicago Press: USA) 

Nix, HA (1991) Biogeography: patterns and processes. Pp 11-39 in Nix HA 8c Switzer M (eds) 
Rainforest animals. Atlas of vertebrate endemic to Australia's wet tropics. (Australian Nature 
Conservation Agency: Canberra) 

Peakall R, Ebert D, Scott LJ, Meagher PE 8c Offord CA (2003) Comparative genetic study confirms 
exceptionally low genetic variation in the ancient and endangered relictual conifer, Wollemia 
nobilis (Araucariaceae). Molecular Ecology 12: 2331-2343. 

Pearson RG (2006) Climate change and the migration capacity of species. Trends in Ecology and 
Evolution 21:111-113. 

Petit RJ, Csaikl UM, Bordacs S, Burg K, Coart E, Cottrell J, van Dam B, Deans JD, Dumolin- 
Lapegue S, Fineschi S, Finkeldey R, Gillies A, Glaz 1, Goicoechea PG, Jensen JS, Konig AO, 
Lowe AJ, Madsen SF, Matyds G, Munro RC, Olalde M, Pemonge M-H, Popescu F, Slade D, 
Tabbener H, Taurchinii D, de Vries SGM, Ziegenhagen B 8c Kremer A (2002) Chloroplast 
DNA variation in European white oaks - phylogeography and patterns of diversity based on 
data from over 2600 populations. Forest Ecology and Management 156: 5-26. 

Petit RJ, Aguinagalde I, de Beaulieu JL, Bittkau C, Brewer S, Cheddadi R, Ennos R, Fineschi S, 
Grivet D, Lascoux M, Mohanty A, Muller-Starck G, Demesure-Musch B, Palme A, Martin JP, 
Rendell S 8c Vendramin GG (2005) Glacial refugia: hotspots but not melting pots of genetic 
diversity. Science 300: 1563-1565. 

Pye MG 8c Gadek PA (2004) Genetic diversity, differentiation and conservation in Araucaria 
bidwillii (Araucariaceae), Australia’s Bunya pine. Conservation Genetics 5: 619-629. 

Ran N (2006) Long-distance dispersal in plants. Science 313: 786-788. 

Rossetto M (2005) A simple molecular approach for identifying a rare Acronychia (Rutaceae) 
provides new insights on its multiple hybrid origins. Biological Conservation 121: 35-43. 

Rossetto M, McNally J, Henry RJ, Hunter J 8c Matthes M (2000) Conservation genetics of an 
endangered rainforest tree (Fontainea oraria - Euphorbiaceae) and implications for closely 
related species. Conservation Genetics 1:217-229. 

Rossetto M, Gross CL, Jones R Sc Hunter J (2004a) The impact of clonalityon an endangered tree 
{Elaeocarpus williamsianus) in a fragmented rainforest. Biological Conservation 117: 33-39. 

Rossetto M, Jones R 8c Hunter J (2004b) Genetic effects of rainforest fragmentation in an early 
successional tree (Elaeocarpusgrandis). Heredity 93: 610-618. 


Integrative studies on flora evolution 


Telopea 12(1): 2008 


57 


Rossetto M & Kooyman RM (2005) The tension between dispersal and persistence regulates the 
current distribution of rare paleo-endemic rainforest flora: a case study. Journal of Ecology 
93: 906-917. 

Rossetto M, Crayn D, Ford A, Ridgeway P & Ryrner P (2007) The comparative study of range¬ 
wide genetic structure across related, co-distributed rainforest trees reveals contrasting 
evolutionary histories. Australian Journal of Botany 55(4): 416-424 

Rozefelds AC 8c Christophel DC (1996) Elaeocarpus (Elaeocarpaceae) endocarps from the 
Oligo-Miocene of eastern Australia. Papers and Proceedings of the Royal Society of Tasmania 
130:41-48. 

Sanderson MJ (2003) r8s: Inferring absolute rates of molecular evolution and divergence times 
in the absence of a molecular clock. Bioinformatics 19: 301-302. 

Savolainen V, Anstett M, Lexter C, Hutton I, Clarkson JJ, Norup AV, Powell MP, Springate D, 
Salamin N 8c Baker WJ (2006) Sympatric speciation in palms on an oceanic island. Nature 
441:210-213. 

Schneider Cl, Cunningham M 8: Moritz C (1998) Comparative phylogeography and the history 
of endemic vertebrates in the Wet Tropics rainforests of Australia. Molecular Ecology 7:487- 
498. 

Schneider CJ, Smith TB, Larison B Sc Moritz C (1999) A test of alternative models of diversification 
in tropical rainforests: ecological gradients vs. rainforest refugia. Proceedings of the National 
Academy of Sciences USA 96:13869-13873. 

Schneider CJ 8c Williams SE (2005) Effects of the Quaternary climate change on rainforest 
diversity: insights from spatial analysis of species and genes in Australia’s Wet tropics. Pp. 
401-424 in Benningham E, Dick CW 8c Moritz C (eds.) Tropical rainforests: past, present and 
future. (The University of Chicago Press: USA) 

Shapcott A (2000) Conservation and genetics in the fragmented monsoon rainforest in the 
Northern Territory, Australia: a case study of three frugivore-dispersed species. Australian 
Journal of Botany 48: 397-407. 

Stewart JR 8c Lister AM (2001) Cryptic northern refugia and the origins of the modern biota. 
Trends in Ecology and Evolution 16: 608-613. 

Taylor KJ, Lowe A), Hunter RJ, Ridgway T, Gresshoff PM 8e Rossetto M (2005) Genetic diversity 
and regional identity in the Australian remnant Nothofagus moorei. Australian Journal of 
Botany 53: 437-444. 

Verheyen K, Honnay O, Motzkin G, Hernty M 8c Foster DR (2003) Response of forest plant 
species to land-use change: a life-history trait-based approach. Journal of Ecology 91: 563- 
577. 

Webb L 8c Tracey J (1981) Australian rainforests: patterns and change. Pp. 607-694 in Keast JA 
(ed.) Ecological biogeography of Australia. (W. Junk: The Hague). 

Westcott DA 8c Graham DL (2000) Patterns of movement and seed dispersal of a tropical 
frugivore. Oecologia 122: 249-257. 

Westcott DA, Bentrupperbaumer I, Bradford MG 8c McKcown A (2005) Incorporating patterns 
of disperser behaviour into models of seed dispersal and its effects on estimated dispersal 
curves. Oecologia 146: 57-67 

Weston PH 8c Kooyman RM (2002) Systematics of Eidothea (Proteaceae), with the description 
of a new species, E. hardeniana, from the Nightcap Range, north-eastern New South Wales. 
Telopea 9: 821-832. 

Whiffin T Sc Hyland BPM (1986) Taxonomic and biogeographic evidence on the relationships 
of Australian rainforest plants. Telopea 2: 591-610. 

Whitmore TC (1997). Tropical forest disturbance, disappearance, and species loss. Pp. 3-12 in 
Laurence WL 8c Bierregaard RO (eds.) Tropical forest remnants - ecology, management, and 
conservation of fragmented communities. (The University of Chicago Press: Chicago) 


58 


Telopea 12(1): 2008 


Rossetto 


Williams SE, Bolitho EE & Fox S (2003) Climate change in Australian tropical rainforests: an 
impending environmental catastrophe. Philosophical Transactions of the Royal Society London 
B 270: 1887-1892. 

Wright, SJ 8c Muller-Landau HC (2006) The future of tropical forest species. Biotropica 38: 
287-301. 

Manuscript received 15 April 2007, accepted 30 August 2007 


Telopea 12(1) 59-69 


Two new species of Commersonia (Malvaceae 
sensu lato) from south-eastern Australia 


Carolyn F. Wilkins 1 , Lachlan M. Copeland 2 
and Barbara A. Whitlock 3 


1 School of Plant Biology, The University of Western Australia, Crawley, WA 6009, Australia. 

email: cwil@plants.uwa.edu.au 

2 Botany, Centre for Ecology, Evolution and Systematics, University of New England, Armidale, 

NSW 2351, Australia 

3 Department of Biology, University of Miami, Coral Gables, Florida 33124, USA 


Abstract 

Commersonia amystia C.F.Wilkins & L.M.Copel., and C. breviseta C.F.Wilkins & L.M.Copel., 
from south-eastern Australia, are described as new and illustrated. Notes are given on their 
ecology and conservation status, and the distribution of each species is mapped. 


Introduction 

Recent cladistic analyses of morphological data (Wilkins 2002) and ndh¥ sequences 
(Whitlock et al. 2001) of the Lasiopetaleae confirm that together Rulingia R.Br. and 
Commersonia J.R.Forst & G.Forst. form a monophyletic group. Although only a few 
species were included in each analysis, both studies suggest that species of the two 
genera are intermingled, such that neither is monophyletic as currently delimited. 
Results of additional unpublished morphological and molecular phylogenetic analyses 
('Wilkins & Whitlock in prep.), with near exhaustive sampling of species in both genera, 
overwhelmingly supports these previous findings of monophyly of the combined 
Rulingia-Commersonia clade and non-monophyly of each genus. 

The two new species described here, C. amystia and C. breviseta, are closely related 
to the type of Rulingia, R. dasyphylla (Andr.) Sweet. These three species along with 
R. hermanniifolia (J.Gay) Endl., R. prostrata Maiden & E.Betche, R. rugosa 
Steetz and R. salviifolia (Steetz) Benth., will be included in Commersonia in the 
near future (Wilkins & Whitlock in prep.). To avoid later combinations the two 
new species are here described as Commersonia. 

The majority of the approximately 45 currently described species of the closely related 
genera Commersonia and Rulingia are confined to Australia. Commersonia bartramia 
(L.) Merr. is recorded in Australia, South East Asia and islands of the Indo-Pacific. 
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There are three taxa that are closely related to C. bartmmia, which occur in New Guinea 
(C. novoguinensis (Gilli) Guymer), in Vanuatu (C. obliqua Guymer) and in Tahiti 
(C. bartramia var. tahitensis L.J.Dorr). Rulingia madagascariensis Baker is endemic 
to Madagascar. 

From verbal communications and examination of herbarium material it appears that 
many taxa of Rulingia are poorly understood, with heterogeneous elements in the same 
species folders. It is difficult to distinguish between the seven species mentioned above 
without fruiting and flowering material and identification is further complicated by tri- 
lobed juvenile leaves, which have variable shapes and hair densities. A key for species 
delimitation including morphological characters for separating species is provided in a 
revision nearing completion. 

Specimens of the two new species C. breviseta and C. amystia were included in the Flora 
of SE Qld (Stanley & Ross 1986, p. 87) and in Names and Distribution of Queensland 
Plants (Flenderson 2002) as R. hermanniifolia. This latter species is restricted to an 
area between Sydney Harbour National Park and Jervis Bay in New South Wales. NSW 
collections of C. breviseta were determined as R. dasyphylla, R. hermanniifolia , or 
R. rugosa and included as such in The Flora of New South Wales (Harden 2000). The 
collection of C. breviseta from Egan Peak Victoria was determined as R. dasyphylla, a 
species included in The Flora of Victoria (Walsh & Entwistle 1996). 

To clarify this situation these two new species are described prior to publication of 
a revision of Commersonia/Rulingia. In addition, C. amystia is rare and has special 
conservation requirements. 


Methods 

Collections of R. dasyphylla and closely related species from AD, BM, BRI, DNA, K, 
LIV, MEL, NE, NSW, NY, PERTH and W have been examined in this study, including 
type specimens of R. pannosa, R. prostrata, Thomasia salviifolia Steetz (base name 
for R. salviifolia) and R. rugosa. Herbarium abbreviations follow Holmgren 
et al. (1990). The authors have collected and studied the habit and morphological 
characters of C. breviseta and C. amystia in their natural habitat. Floral measurements 
are from rehydrated herbarium collections and vegetative measurements are from 
dried specimens. Density of leaf hairs is defined as scattered when the hairs are well 
separated, moderately dense when the hairs are just touching laterally, dense when the 
hairs strongly overlap with the epidermis remaining visible, and tomentose when hair 
density is such as to conceal the epidermis. Fruit measurements include the length of 
the setae on the outer surfaces. 

The distribution maps were compiled from the Online Map Creation internet site 
(http://www.aquarius.ifm-geomar.de/omc/) using GMT (Generic Mapping Tools) 
software. 

Commersonia amystia C.F.Wilkins & L.M.Copel., sp. nov. 

Filamentis villosis et fructibus magnis pilis densis simplicibus in setis longis dispositis 
R. rugosae affinis, sed floribus per inflorescentiam paucis petalae basi supra et infra 
locum affixum valde gibbosa nec tantum supra locum affixum differt. 
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Type: New South Wales: North Western Slopes: Howell, 20 km SSW of Inverell, 29°56'S, 
151°01'E, L.M. Copeland 3615, 16 Oct 2003 (holo: NSW; iso: BR1, CANB, K, MEL, NE, 
PERTH) (Specific locality details withheld for conservation reasons). 

Rulingia hermamiiifolia auct. non (J.Gay) Endl.: Rulingia salviifolia anct. non (Steetz) 
Benth., Rulingia dasyphylla auct. non (Andr.) Sweet, Stanley & Ross, FI. SE. Qld p.87 
(1986); Henderson, Names & Distrib. Qld PL, Algae 8< Lichens, p. 192 (2002) 

Rulingia sp. (Single NP L.M. Copeland 2009) in Clarke et al. (2000) 

Dwarf shrub, 10-30 x 60-70 cm, prostrate to decumbent. Branchlets densely hairy, 
with sessile, white, stellate hairs with 4-6 erect arms to 0.5 mm long, above smaller, 
sessile, white, stellate hairs and inconspicuous, white, clavate glands c. 0.15 mm long; 
glabrescent with red-brown, longitudinal, irregular, fine ridging. Stipules late caducous, 
green throughout, or with red apex, ovate-lanceolate to narrow-lanceolate, rarely bifid, 
0.8-4.5 x 0.3-1.5 mm, adaxial surface with sparse, appressed, white, stellate hairs with 
1 or 2 arms to 0.3 mm long, and rarely with sparse, white, clavate glands c. 0.1 mm 
long; margin with dense, white, 1-3 armed hairs to 0.7 mm long, abaxial surface with 
dense, white, stellate hairs with 3-8 erect arms to 0.5 mm long. Mature leaf with petiole 
0.8-2.5 mm long, hairs as on distal branchlets; blade scarcely discolorous, mid green 
over pale green, narrowly-ovate, rarely ovate, 2.5-31.9 x 1.5-9.2 mm, base cordate, 
scarcely oblique; abaxial surface densely hairy to tomentose, hairs sessile, white, stellate 
with c. 6 erect arms up to 0.7 mm long on midrib, up to 0.4 mm long on blade, above a 
dense layer of smaller, white, stellate hairs; adaxial surface moderately hairy, with hairs 
sessile, white, stellate, with 1-8 erect arms up to 0.6 mm long, scattered above smaller, 
stellate hairs, glands absent or if present, then scattered, white, clavate and up to 0.1 mm 
long; margin sinuate or irregularly serrate, recurved, hence appearing entire, flat or 
undulate, apex obtuse or acute. Juvenile leaves trilobed, serrulate, up to 53 x 31 mm. 
Inflorescence a leaf-opposed cyme, 9.2-39.1 mm long, flowers (1) 2-4 (6). Peduncle 2.5- 
18 mm long, extending to 10-31 mm with fruit; pedicel 2-8.5 mm long; both peduncle 
and pedicel densely hairy, hairs sessile, white, stellate, with c. 6 erect arms, 0.35-0.7 mm 
long, over moderately dense, smaller, white, stellate hairs, and white clavate glands with 
red apex, up to 0.25 mm long. Bract inserted towards base or middle of pedicel, ovate 
or narrowly ovate, green, membranous, becoming red-brown, 1.8-4.2 x 0.7-2.5 mm, 
surfaces as in stipules above, margin entire. Flower bud base strongly cordate from deep 
pouching to contain gibbous petal base; apex sub-acute. Epicalyx absent. Calyx white 
throughout or base pink, 3.9-5.8 mm long, lobes elliptic, 3-4.2 x 1.6-3.3 mm (70-82% 
of total calyx length), apex obtuse or sub-acute; tube with deep pockets; abaxial surface 
has base with dense, sessile, white, stellate hairs, with 6-8 erect arms to 0.6 mm long, 
above smaller white, stellate hairs and occasional stalked, clavate glands to 0.2 mm 
long, towards apex of lobe with shorter hairs; adaxial surface with nectary of dense, 
clumped, clavate glands over base of rib and both sides; base of calyx and centre of lobe 
with dense, appressed or erect, white hairs with 1-4 arms to 0.35 mm long, and towards 
the margin and apex of lobes with dense, white, simple or stellate hairs, with arms to 
0.15 mm long. Petals white, 1.8-3.2 x 2.2-3.2 mm, base becoming pale pink, obovate 
when flattened, very strongly gibbous (cupped) both above and below attachment to 
calyx; apical ligule narrowly-oblong, remaining white, 0.9-1.8 x 0.2-0.4 mm, inner 
and outer surfaces stellate hairy. Staminal tube white or pale pink, 0.1-0.4 mm long. 
Staminodes five, one inserted between each stamen, ovate, white, 2.3-2.9 x 0.6-0.8 mm, 
inner and outer surfaces stellate hairy. Filaments 0.6-1.2 x 0.15-0.25 mm, with white, 
stellate hairs. Anthers ventri-fixed, broadly-elliptic, dark red, 0.4-0.7 x 0.5-0.7 mm, 
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dehiscence from latrorse slits, pollen yellow. Ovary 5-celled, ovoid, 0.6-1 x 0.6-1 mm, 
locules fused laterally with no indentation, central axis with slight gap, outer surface 
green with pre setae outgrowths. Ovules 2-6 per cell. Styles 5, green, 0.7-1.3 mm long, 
glabrous, free at base, fused at sub-capitate stigmas. Fruit sub-globose, or ellipsoid, 
red-brown, wings absent, outer wall woody (c. 0.5 mm thick), capsule 5.5-6 x 7-7.2 
mm excluding setae (bristles with hairs), 8-10 x 11.5-13 mm with setae included, outer 
surface with dense, soft, white, stellate hairs with arms up to 0.4 mm long, below dense 
setae, all over surface, longer at the sides (up to 3.0 mm long) than the apex (0.5-1 mm 
long); setae red-brown, with an apical, stiff, white, c. 6-erect-armed, stellate hair and 
shaft with dense, white, 1-3 erect-armed hairs. Seed exotesta brown with dark brown 
tubercles, glabrous, 1.7-1.8 mm long, 1.2-1.3 mm diam. Aril a cream, translucent lobe 
flared from hilum c. 0.3 x 0.8 mm (Fig. 1) 

Specimens examined: QUEENSLAND: Lyra, Blake 21103 ,3 Nov 1959 (CANB); Stanthorpe Rd, 
Ballandean, Clemens 44484, 16 Oct 1944 (K); Mt Fletcher, NW of Ballandean, Halford Q2287, 
20 Oct 1994 (BRI.NSW); SW of Stanthorpe, near. Severn River, Pedley 1466, 29 Oct 1963 (BRI); 
Ballandean, Williams s.n. (NE30519A), 23 Aug 1975 (BRI, CANB, NE, NSW); Bald Rock Creek, 
Wyberba, Williams NRAC 3,1 Oct 1994 (NE). NEW SOUTH WALES: Single National Park, 
35 km NW of Guyra, Clarke & Knox s.n. (NE81450), 27 Aug 2003 (NE): ibid., Copeland 2009 
& Noble, 3 Nov 1999 (CANB, NE, NSW); ibid., Copeland 2485, 2 Mar 2000 (NE); ibid., Fethers 
28 ,22 Jun 2000 (CANB); Howell, 20 km SSW of Inverell, Clarke 6- Knox s.n. (NE81449), 27 Aug 
2003 (NE); ibid., Copeland 2753,22 Nov 2000 (BRI, CANB, NE, NSW); Howell, Miss Munsie 17, 
Oct 1913 (NSW). (Specific locality details of all specimens withheld for conservation reasons). 

Distribution: Commersonia amystia is currently known from two populations in the 
Inverell district of northern New South Wales and three populations in the Ballandean 
-Stanthorpe districts of southern Queensland. (Fig. 2) 

Habitat and ecology: all plants observed grow in skeletal, sandy-loams amongst crevices 
of granitic and acid volcanic outcrops. Altitude ranges from 700 m to approximately 
1050 m. Associated species include Eucalyptus prava, Harmogia detisifolia, Acacia 
triptera, Homoranthus prolixus, Lepidospertna laterale, Actinotus gibbonsii and 
Cheilanthes sieberi. 

Commersonia amystia appears to be an obligate seeder that is killed by fire but 
germinates in abundance shortly thereafter. At the type locality hundreds of plants were 
observed flowering approximately one year after a wildfire event but these appeared to 
be senescing two years later. The same pattern has been observed in Single National 
Park where all adult plants appeared to be killed by fire in 2003 but numerous seedlings 
were observed shortly after in 2004. 

Phenology: this species is recorded as flowering in August, September and October 
with young fruits usually forming in October and November. 

Conservation status: the species is currently known from fewer than 300 individuals 
in New South Wales and an unknown number of plants in southern Queensland. The 
only reserved population is in Single National Park where approximately 30 plants 
are known from a single rocky outcrop. Threats to Commersonia amystia include an 
inappropriate fire regime, grazing by feral goats and disturbance by feral pigs. This 
species is thought to be rare and will be submitted to relevant conservation bodies as 
having special conservation needs. 
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Fig. 1. Commersonia amystia, a, habit, showing fruiting branchlet; b, flower with staminodes 
incurved over ovary at dehiscence; c, flower with staminodes spread; d, petal with deeply gibbous 
base; e, stamens and staminodes; f, gynoecium; g, fruit with seed shed; h, seed; i, juvenile leaf, 
(a, g, h, from Williams NE 30519 ; b - f from type collection, Copeland 3615; i from Clarke NE 
81449). Scale bars: a = 5 cm; b, c =2 mm; d - h = 1mm; i = 1 cm. 
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Etymology: the specific epithet amystia is Greek for large cup, and relates to the deeply 
gibbous petal base. 

Comparison with similar species: Commersonia amystia appears to be most closely 
related to Rulingia rttgosa in having hairy filaments, the lower surface of the leaves with 
a similar tomentose surface rather than dense hairs as observed in R. dasyphylla, and 
in having large fruits with dense, simple hairs on long setae. It differs from R. rugosa 
in having smooth, thin, pale green leaves, rather than rugose, mid green leaves, (1)2- 
4(6) flowers per inflorescence rather than 7-15, and a petal base that is obovate when 
flattened and strongly gibbous below and above its basal attachment, rather than ovate 
and gibbous only above the attachment. 

Notes: Commersonia amystia was recognised as a new species Rulingia sp. (Single NP, 
L.M. Copeland 2009) from collections in the Single National Park / Howell areas by 
Clarke et al. (2000). 
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Fig. 2. Distribution of Commersonia amystia. 
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Commersonia breviseta C.F.Wilkins & L.M.Copel., sp. nov. 

Fructibus minoribus setis ad 0.9 mm longis, pilis et glandulis scapi paucis R. 
hermanniifoliae similis, praecipue differt setis paucis ad apice fructi praecipue praeditis, 
ad invicem setis densis totae paginae, et foliis flexilibus nullimodo chartaceis. 

Type: QUEENSLAND: Darling Downs district: Mt Norman, Girraween National Park, 
28°52'S, 151°57'E, C.F. Wilkins2053, L.M. Copeland&B.A. Whitlock, 21 Sep 2004 (holo: 
BRI; iso: CANB, K, MEL, NE, NSW, PERTH). (Specific locality details withheld for 
conservation reasons) 

Rulingia hermaimiifolia auct. non (J.Gay) Endl.: Stanley & Ross, FI. SE. Qld p. 87(1986); 
Henderson, Names 8< Distrib. Qld PL, Algae and Lichens, p. 192 (2002) 

Rulingia dasyphylla auct. non (Andrews) Sweet, Harden, Fl. of NSW, p.p. 305-306 
(2000), Walsh & Entwistle, Fl. of Victoria, p.p. 329-330 (1996); Rulingia rugosa auct. 
non Steetz, Harden, Fl. of NSW, p.p. 305-306 (2000). 

Shrub, erect, 30-300 x 70-180 cm. Branchlets densely hairy or tomentose surface of 
white, sessile, stellate hairs with 3-6 erect arms up to 1.3 mm long, above smaller, white 
hairs and scattered, white, clavate glands up to 0.15 mm long; branches red-brown, 
glabrescent with longitudinal, irregular, fine ridging and lenticels. Stipules caducous, 
green with red apex, or red throughout, narrowly-lanceolate or ovate-lanceolate, 
rarely bifid, 1.5-8.5 x 0.4—1.9 mm, inner surface with scattered to dense 1-4 -armed, 
appressed, white hairs 0.3-0.7 mm long, and scattered, clavate glands to 0.1 mm long; 
outer surface and margin with dense, 2-6 erect-armed, white stellate hairs, arms up to 
1.3 mm long. Leaf with petiole 1.1-6.1 mm long, hairs as on distal branchlets, mature 
blade mainly narrowly-elliptic, or ovate, 8-24.1 x 1.4-7.5 mm, base scarcely oblique, 
scarcely cordate or obtuse; abaxial surface densely hairy to tomentose with white, or 
white with tan centred, sessile, stellate hairs, with 6 erect arms up to 0.9 mm long, 
above dense, layer of small, white, stellate hairs, and rib with sparse pink, clavate glands 
present or absent; adaxial surface slightly rugose, with dense, white, sessile, stellate hairs 
with 1-6 erect, arms up to 0.9 mm long, above smaller hairs and medium density, 
orange-red-tipped, clavate glands up to 0.1 mm long; margin irregularly serrulate, 
recurved, apex rounded-acute or obtuse, juvenile leaves conspicuously tri-lobed, 
45-110 x 20.1-45.1 mm. Inflorescence a leaf-opposed cyme, 8-35 mm long, flowers 
4-16. Bud base cordate, apex rounded. Peduncle 2.5-6.2 mm long (4.5-16.8 on fruiting 
inflorescence). Pedicel 2-6.3 mm long (6-14 mm fruiting). Both peduncle and pedicel 
with dense, sessile, stellate hairs, 6-12 erect arms up to 1.1 mm long, over smaller white, 
stellate hairs and scattered to medium density, white, red-tipped, clavate glands to 0.3 mm 
long. Bract inserted towards base of, or mid pedicel, narrowly-ovate, ovate, 3.6-7.8 x 
0.3-1.3 mm, surfaces as in stipules above. Epicalyx absent. Calyx base green, lobes with 
pink margins and white centre, 3.4-6.3 mm long, lobes ovate or elliptic, c. 65-71% 
of total calyx length, of variable width, 2.6-4.3 x 1.3-2.7 min, apex acute; abaxial 
surface with dense, white, stellate hairs with 6 erect-arms to up 0.8 mm long, over 
smaller, white hairs and scattered, red-tipped, clavate glands, 0.2-0.3 mm long; adaxial 
surface with nectary of dense, clumped, clavate glands on the base and both sides of 
the rib, calyx base and central lobe with dense, white, 1-3 -armed, appressed, hairs 
up to 0.35 mm long, and towards the margin and apex with dense, 1-4 -armed, erect, 
white, simple hairs, up to 0.15 mm long. Petals 2.3-3.4 x 1.7-2.7 mm, cupped base 
pale yellow, elliptic when flattened, strongly gibbous incurved around stamen; ligule 
white, then becoming pale or dark pink, ligule linear-oblong, 1.3-2.3 x 0.25-0.5 mm. 
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Staminal tube 0.15-0.5 mm long. Staminodes five, one inserted between each stamen, 
white, ovate, both surfaces densely stellate hairy, 2-2.6 x 0.5-0.9 mm. Filaments white, 
glabrous, 0.9-1.4 x 0.1-0.2 mm. Anthers dark red, ventri-fixed, broadly-elliptic, 0.6-1 
x 0.7-0.85 mm, dehiscence from latrorse slits, pollen yellow. Ovary 5-celled, ellipsoid, 
0.6-0.8 x 0.7-0.8 mm, locules fused laterally with no indentation and with a gap at the 
central axis, outer surface green with pre setae outgrowths. Ovules 2-4 per cell. Styles 5, 
green, 0.5-1.3 mm long, glabrous, free at base, fused at capitate stigmas. Fruit capsule 
loculicidal, ellipsoid, brown, 2.5-3.5 x 4.3-5.5 mm, thick, woody wall to 0.4 mm thick, 
with scattered to moderately dense, soft, white, stellate hairs covering the outer surface 
of fruit and scattered, clavate glands up to 0.1 mm long present or absent, beneath 
scattered to moderately dense, short setae towards the upper half of the fruit, 0.5-0.9 mm 
long, brown, with an apical, white, 6-12 -armed stellate hair and scattered, 2-4 -armed, 
stellate hairs and / or red, clavate glands up to 0.1 mm long, wings absent. Seed dark 
brown, 1.6-1.8 mm long, 1.0-1.2 mm diam., exotesta strongly tuberculate, glabrous, 
with fine, longitudinal ridging. Aril a white, translucent lobe flared from hilurn, c. 0.2 
x 0.7 mm (Fig. 3). 

Specimens examined: QUEENSLAND: Slopes of Mount Norman, Girraween National Park. 
Blake 23710, 4 Nov 1971 (BRI, K, NSW); Girraween National Park, along walking trail to Mt 
Norman, Wilkins 2052, Whitlock & Copeland, 30 Oct 2004 (BRI, PERTH). NEW SOUTH 
WALES: Washpool National Park, Granite Lookout, Copeland 3595 & Clarke, 5 Sep 2003 (BRI, 
CANB, MEL, NE, NSW); Gibraltar Range National Park, summit of Hamburger Rock, Copeland 
3893,29 Ian 2005 (BRI, CANB, NE, NSW, PERTH); 1 km SW of Robinsons Knob, New England 
National Park, Copeland 2213 & Noble, 1 Dec 1999 (NE); Yowaka River, Mueller s.ti., Sep 1860 
(M EL); Torrington SRA, 1 km E of Blather Arm / Silent Grove road junction, Nano & Copeland 
58, 21 Feb 1997 (NE); Minyon via Mullumbimby, White 10510, 26 Aug 1936 (BRI ); W side of 
Gins Mt., Mt Kaputar National Park, Harden s.n. (NE 33201), 9 Nov 1976 (NE); 12 km WNW 
along Culoul Range Rd off Windsor-Singleton ltd, Coveny & Hind 9083, 5 Dec 1976 (NSW); 
Nullica State Forest, Nethercote Waterfalls. Albrecht 978, 26 Sep 1984 (MEL); Jingera Rock, Egan 
Peak, 8 km SSE of Wyndham, Telford 3601, 29 Oct 1973 (CANB); Valla Beach, N of Nambucca 
Heads, Williams s.n. (NE030518A) (BRI,CANB, NE.NSW, PERTH). VICTORIA: W of Genoa Peak Road 
on Roger Track, Humphries & Earl, s.n., (no known database number), 13 Jan 1989 (MEL). 

Distribution: Cotnmersonia breviseta is widespread in eastern Australia ranging from 
Giraween National Park in far southern Queensland to Genoa in far north-eastern 
Victoria. Most populations occur along the Great Dividing Range although some 
herbarium collections are from coastal areas at lower elevations. (Fig. 4.) 

Habitat and ecology: Commersonia breviseta occurs in rocky areas with shallow soils on 
a wide range of lithologies. Parent rock types include granite, acid-volcanics, rhyolite, 
metasediments and sandstone. Altitudes range from near sea-level to over 1150 m. The 
associated plant species vary greatly across its range while the vegetation communities 
are usually types of heath or shrubby woodland. 

Commersonia breviseta appears to be an obligate seeder that is killed by fire but 
germinates in abundance shortly thereafter. At a population in Washpool National Park, 
north-eastern N.S.W., most adult plants appeared to be killed by a wildfire in January 
2003 but approximately 100 young individuals were observed flowering in September 
of that same year. Observations of the population near Torrington also indicate that the 
species reaches maturity quickly after fire then senesces within five years. 
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Fig. 3. Commersonia breviseta. a, habit showing flowering branchlet; b, flower; c, petal with 
slightly gibbous base; d, stamens and staminode; e, gynoecium; f, fruit with seed shed; g, seed; h, 
juvenile leaf, (a from type collection, Wilkins 2053; b-e from Clarke NE 81918-, f, g from Copeland 
3S93-, h from Wilkins 2060). Scale bars: a = 5 cm; b = 2 mm; c - g = 1 mm; h = 1 cm. 
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Phenology: flowers have been observed from September to November. 

Conservation status: Comtnersonia breviseta has been widely collected since Mueller’s 
first collection in 1860 at Yowaka River. It is widespread in eastern New South Wales, 
but is known from single, small populations in Queensland and Victoria. It occurs in 
numerous reserved areas such as Girraween, Washpool, Gibraltar Range, New England, 
Mt Kaputar and Deua National Parks as well as Torrington State Conservation Area. In 
most populations the total number of plants is relatively low, however, this species is 
not considered to be under threat at this time. 

Etymology: the specific epithet breviseta is from the latin ( brevis = short, seta - bristle) 
and refers to the short setae present on the outer surface of the fruit. 
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Fig. 4. Distribution of Commersonia breviseta. 
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Comparison with similar species: Commersonia breviseta is similar to Rulingia 
hermanniifolia in having small fruits with short setae to 0.9 mm long, the shaft of which 
has few hairs or glands. It differs in having a few setae mainly towards the apex of 
the fruit, rather than dense setae all over the surface, and differs in having leaves that 
are flexible rather than chartaceous. Commersonia breviseta is also a taller, more erect 
shrub. 

Comment: one flower from Washpool National Park (C. Wilkins 2052 ) has small 
infertile anthers at the apex of the staminodes. 
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Abstract 

The genus Cycas is reviewed within China. Twenty two species are enumerated, one with two 
subspecies, and the species are placed within an infrageneric classification previously outlined. 
C. panzhihuaensis is placed in the new Section Panzhihuaenses. Lectotypes are designated for 
Cycas revoluta, C. balansae and C. miquelii. Distribution of all taxa is mapped, conservation 
status discussed and a key to species provided. 


Introduction 

The genus Cycas is the single constituent genus of the family Cycadaceae, itself the basal 
lineage of the living cycads or Cycadophyta (Stevenson 1992). It is also the sole living 
cycad group occurring in Asia. The only known fossil evidence for this genus is from the 
Eocene of China and Japan, and this, together with the occurrence of all major lineages 
in the genus in mainland Asia, supports a long-term presence and probable origin of 
this genus in that region (Hill 1995). Cycas consists of about 100 species, chiefly Indo- 
Chinese (about 40 species) and Australian (27 species). The genus also occurs in the 
Malesian region, Japan and India, extending to Micronesia and Polynesia, Madagascar 
and East Africa. Plants are commonly understorey shrubs in forest, woodland or 
savanna habitats. Twenty two species are known in China. 

The present work is the outcome of ongoing studies, with a total of three field trips 
during the period 1996-2000. Herbarium collections held by A, B, BM, BO, E, HN, 
K, KNF, KUN, G, L, LAE, LE, NY, PE, P and U have been examined. All specimens 
cited have been examined except where stated. Terminology is as in previous papers in 
this series (e.g. Hill 1994), as are generic and specific concepts applied. Conventions in 
measurements taken and presented in the following descriptions are as in other papers 
in this series, and are set out in Lindstrom and Hill (2007). Nomenclature follows the 
latest version of the International Code of Botanical Nomenclature [ICBN] (McNeill 
et al. 2006). 


Taxonomic History 

The cycad flora of China has not been well understood in the past, as is evidenced by 
the history of species description. Only four of the 22 species recognised herein were 
described before 1975, with only one of these actually being described from Chinese 
material. _ 
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The comprehensive account of the genus by de Candolle (1868) summarised work 
to that point, and recorded no cycad species from the region of China. Pilger (1926) 
recorded only C. revoluta and C. taiwaniana from China. Schuster (1932) recorded 
C. siamensis (based on Morse273), C. micholitzii (also based on Morse 273) and C. revoluta 
(which included C. taiwaniana as a variety) as Chinese, but clearly showed little 
understanding of the taxonomy or geography of the species. 

Cheng et al. (1975) enumerated 8 species, 7 of which they regarded as native in China. 
They misapplied the name C. siamensis to the species here treated as C. collina, and also 
confused the concept of C. taiwaitiiana, including citations of C. taitungensis under 
what was essentially the correct description for C. taiwaniana. 

Since 1975, some 32 new species names have been coined for cycads occurring 
naturally in China. Many of these are herein regarded as superfluous names falling 
into synonymies of other species, and are listed below under the species concerned. No 
recent publication has fully correctly applied the available names for the Chinese cycads 
(Chen & Stevenson 1999, Chen & Liu 2004, Xaio et al. 2004, Xaio & Gong 2006) and 
this publication was seen as necessary in order to clarify nomenclatural applications in 
China. 


Hybridism 

The problem of hybridism in Cycas has been introduced elsewhere (Hill 1992, 1996). 
The lack of pollinator specificity, when combined with the apparently weak inherent 
fertility barriers, results in the major reproductive barrier between Cycas species in 
nature being geographic separation. Natural populations of Cycas species are usually 
widely separated geographically, and some breakdown of reproductive isolation would 
therefore be expected where different species have spread to within pollination range 
of each other. 

A number of natural occurrences are postulated to be of just such hybrid origin. These 
are morphologically intermediate between the putative parent species and, in the 
cases of postulated hybrid swarms, show the high degree of variability to be expected 
from Mendelian segregation in second and later generations. Hybrids and hybrid or 
intergrading populations have been recorded from throughout the range of Cycas, 
wherever different species grow in relatively close proximity. Examples from China 
include intergradation between C. bifida and C. multipinnata and between C. bifida 
and C. dolichophylla (cited below under the first species of the pair listed). Plants in 
cultivation at Shenzhen Fairy Lake Botanic Garden are thought to represent hybrids 
between C. bifida and C. diannanensis [no voucher]. 


Conservation 

Populations of many Asian species appear to have declined, sometimes dramatically, over 
the past century. However, there is no comparative data to support this impression, and 
evidence for the decline is largely anecdotal and circumstantial. Several causative factors 
for this decline can be observed in action today, however, even though quantitative data 
on the effects are not available. Two principal threats to cycads exist in China at present, 
habitat loss and selective removal of plants from the wild for trade or utilisation. Some 
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but not all species occur in reserved areas already proclaimed, but enforcement within 
these areas is sometimes difficult. There is, however, a growing interest in habitat and 
species conservation within China, and additional reserved areas are being evaluated 
and declared. 

Conservation status of all Chinese species is summarised in Table 1. 

Taxonomic treatment 

CYCAS L, Sp. PL: 1 188 (1753). Lectotype: C. circinalis L.; designated by Stevenson in 
Jarvis et al. (1993). 

Dioecious palm-like shrubs with aerial or subterranean, pachycaul, cylindrical stems 
clad with persistent leaf-bases. Leaves loosely pubescent when young, pinnate, spirally 
arranged, produced in seasonal growth flushes interspersed with cataphylls, lower leaflets 
often reduced to spines. Longitudinal ptyxis erect or rarely reflexed, horizontal ptyxis 
circulate. Leaflets with a single thick midrib and no lateral veins; stomata confined to 
abaxial surface in most species; individual ptyxis involute. Trichomes microscopically 
transparent, branched or simple. Leaves with vascular traces girdling stems, girdling 
traces not present in cataphylls or megasporophlls. Microsporophylls aggregated into 
determinate cones and bearing numerous microsporangia (pollen-sacs) on abaxial 
surfaces, with a simple sterile apex, which is often produced into an upturned spine; 
microsporangia opening by slits; pollen cymbiform, monosulcate. Seed cones closed at 
pollination, closed at seed set (in all Chinese species). Megasporophylls spirally arranged 
in an indeterminate terminal rosette with the central axis continuing vegetative growth. 
Ovules two to many (rarely one), marginally inserted on the stipe and directed obliquely 
outwards (‘ascending’); sporophyll apically dilated into a pinnatifid, pectinate, toothed 
or entire lamina. Seeds with a yellow, orange or brown fleshy outer sarcotesta, and with 
or without spongy tissue beneath the inner woody sclerotesta. Endosperm haploid, 
derived from the female gametophyte. Embryo straight; with 2 cotyledons that are 
usually united at the tips and a very long, spirally twisted suspensor; seeds platyspcrmic; 
germination cryptocotylar. 

About 100 species, chiefly Australian (27 species) and Indo-Chinese (about 40 species). 
The genus also occurs in the Malesian region, Japan and India, extending to Micronesia 
and Polynesia, Madagascar and East Africa. Plants are commonly understorey shrubs 
in forest, woodland or savanna habitats. Six sections are now recognised; four in Hill 
(1995), another in Lindstrom et al. (2008) and an additional one in this paper. There 
has been disagreement on subgeneric division (Wang 1996, de Laubenfels 1998) and, in 
the light of improved understanding of the genus, none of the proposed systems would 
appear entirely adequate (Hill 1998, Hill 2004a, Hill 2004b) Four clear groups, regarded 
below as sections, occur naturally in China. 
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Key to sections occurring in China 

1 Ovules tomentose. Section Asiorientales 

1* Ovules glabrous 

2 Microsporangiate sporophylls soft or waxy, lacking an apical spine or with a very slender 
tightly appressed apiculus 

3 Microsporangiate sporophylls waxy; seeds red or orange; stomata encrypted. 

..... Section Panzhihuaenses 

3* Microsporangiate sporophylls soft; seeds yellow; stomata not encrypted. 

. Section Stangerioides 

2* Microsporangiate sporophylls hard, with a distinct apical spine 


4 Megasporophyll pectinate . Section Indosinenses 

A* Megasporophyll entire or dentate, not deeply pectinate. Section #Cycas 


#Not known naturally in China, present in India, Thailand and Vietnam, not treated further in this paper 


Key to species in China 


1 Leaflets simple 

2 Leaves distinctly keeled (opposing leaflets inserted at less than 150° on rachis) 

3 Trunk not tomentose at apex; trunk smooth; mature leaves grey-green. 

. 22. C. hongheensis 

3* Trunk densely tomentose at apex; trunk not smooth; mature leaves dark green 


4 Leaflets with margins revolute . 1 .C.revoluta 

4* Leaflets with margins recurved, never revolute. 2. C. taitungensis 


2* Leaves flat or openly keeled (opposing leaflets inserted at more than 150° on rachis) 

5 Microsporangiate cones soft or waxy; sarcotesta not fibrous; sclerotesta with 
more or less verrucose ornamentation 

6 Apical spine of megasporophyll lamina dilated, markedly different from lateral 
spines 

7 Plants lithophytic on exposed limestone outcrops 

8 Megasporophyll lamina 35-55 long x 30-50 mm wide ...20. C. sexseminifera 
8* Megasporophyll lamina 70-110 long x 50-80 mm wide... 19. C. ferruginea 


7* Plants growing in soil 
9 Trunks subterranean 

10 Leaflets 6-10 mm wide, twisted on rachis . 15. C. changjiangensis 

10* Leaflets 9-20 mm wide, flat on rachis. 5. C. segmentifida 


9* Trunks aerial 
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11 Male cones 50 cm long or more . 7. C. dicinnanensis 

11* Male cones less than 50 cm long 

12 Sarcostesta red or orange . 3. C. panzhihuaensis 

12* Sarcostesta yellow 


13 Petioles spinescent throughout, including across swollen 
petiole base 

14 Leaflets 9-16 mm wide; petiole 30-60% of leaf; 

trunk not swollen at base. 12. C. taiwaniana 

14* Leaflets 6-10 mm wide; petiole 20-30% of leaf; 

trunk swollen at base. 13. C. hainanensis 

13* Petioles usually not spinescent throughout, especially not across 


swollen petiole base 

15 Leaflets 8-12 mm wide, twisted on rachis .. 4 . C. guizhouensis 

15* Leaflets 9-20 mm wide, flat on rachis . 5. C. segmentifida 

6* Apical spine of megasporophyll lamina not dilated, similar to lateral spines 

16 Microsporophyll with a distinct terminal spine.10. C. tanqingii 

16* Microsporophyll lacking a terminal spine 
17 Petiolar spines 4-10 mm long 


18 Leaflets 10-15 mm wide, narrowed and tapered at base, 

petiole long (30-40% of leaf) . 9. C. balansae 

18* 

petiole short (20-35% of leaf). 6. C. dolichophylla 

17* Petiolar spines 1-3 mm long 

19 Plant arborescent 

20 Petiole length greater than or equal to 50 cm . 

. 11. C. szechuanensis 


20* Petiole length less than 50 cm. 14. C. shanyaensis 

19* Plant acaulescent . 8. C. collina 

5* Microsporangiate cones firm; sarcotesta with a fibrous layer; 

sclerotesa not ornamented . 21. C. pectinata 

1* Leaflets divided 

21 Leaflets themselves pinnately divided 


22 Leaves 1-2, to 6 m, segments obovate-linear, apex shortly acuminate 


to caudate. 17. C. multipinnata 

22* Leaves 3-15, to 3.0 m, segments linear, apex long attenuate or 

long acuminate . 18 . C. debaoensis 

21* Leaflets dichotomously divided only. 16. C. bifida 


















Table 1. Conservation status of Chinese cycads. 

Outside China 1997 Red Reserve IUCN Pop. Present Range Hab. 

List Status Ver 3.1 2001 Size Decline (km 2 ) Reduct. 

(Donaldson 2003) (%) 
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A. Section ASIORIENTALES J. Schust. 

Cycas section Asiorientales J. Schust., Pflanzenr. 99: 65 (1932). 

Type: C. revoluta Thunb. 

This section is defined by the firm, waxy microsporangiate cones and microsporophylls, 
the pectinate megasporophyll apices, the tomentose ovules, and the red seeds with a 
non-fibrous sarcotesta and a smooth, longitudinally grooved sclerotesta. The group 
is relictual, and includes only two closely related species occuring in eastern China 
and southern Japan (Fig. 1). Although firm and waxy as they develop, male cones and 
microsporophylls become soft and break down quickly afer maturity. This section 
shares deeply encrypted stomata with section Panzhihuaenses. 

1. Cycas revoluta Thunb., Verh. Holl. Maatsch. Weetensch. Haarlem 20(2): 424, 426- 
427 (1782). 

Type: (lectotype here designated) ex herb. Thunberg (UPS 23734). 

Cycas miquelii Warb., Monsunia 1: 179, 181 (1900). 

Epicycas miquelii (Warb.) de Laub., in De Laub. 8c Adema, Blumea 43: 393 (1998). 

Lectotype (here designated): exhorto Buitenzorg (ex China & Japonic.) in H. Amstelod. 
introducta (U: two sheets U028127, U028129). See discussion below. 

Cycas revoluta var. brevifrons Miq., Tijdschr. Wis-Natuurk. Wetensch. Eerste Kl. Kon. 
Ned. Inst. Wetensch. 1: 207 (1848). 

Type: from living garden material, apparently not preserved. This and the varieties 
listed below apparently represent horticultural variations within C. revoluta, of no real 
taxonomic significance. They are hence included in the synonymy of this species. 

Cycas revoluta var. planifolia Miq., Monogr. Cycad.: 25-26 (1842). 

Type: Hort. Amsterdam, 1840, Miquels.n. (holo U). 

Cycas revoluta var. prolifera Siebold & Zucc., Abh. Math.-Physik. Cl. Konigl. Bayer. 
Akad. Wiss. 14(3): 236 (1846). 

Type: from living garden material, apparently not preserved. 

Cycas revoluta var. robusta Messeri, Nuovo Giorn. Bot. Ital., n.s., 34: 324, 327 (1927). 

Type: from living garden material cultivated in Florence, apparently not preserved 

Literature: Gaudichaud (1829), Merrill (1912), Merrill (1917), Merrill (1923), Leandri 
(1931), Ho and Duong (1960), Raizada & Sahni (1960), Smitinand (1971), Smitinand 
(1972), Walker (1976), Zamora and Co (1986), Wang (1996). 

Illustrations: Smith (1801), Bot. Mag. (1830), Miquel (1842), Warburg (1900), Schuster 
(1932), Smitinand (1971), Cheng et al. (1976), Zamora and Co (1986), Wang (1996). 

Etymology: from the Latin revolutus, rolled, from the rolled leaf margins. 

Vernacular: Chinese - tieshu (iron tree), feng-wci-jiao-ye (phoenix tail banana), su-tie, 
English (hort.) - sago palm, king sago; Japanese (Main islands) - sotetsu (preferred) 
(coming hack from the dead by iron), lion bi (bird’s tail feathers), hou bi shou (broken 
banana leaf), slut ka shou (firebreak banana), ban shou (barbarian’s banana), tesshou, 
tessio (iron banana), tosso; Japanese (Ryukyu Is) hichichi, hitichi, satetsu, shichichi, sichi, 
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sichidzi, sidzichi, sidzidzui, sihittu, sirichi, sitechi, sitichi, sitidzi, sitochi, sitsuchi, sitsudzu, 
situchi, suidzu, suchichi, susitykuki, sutachi, suticha, sutichi, sutta, sutuku, suutichi, syntta, 
syutto, tsudzu (all ref. to whole plants), kyutigatna, mii, uadzu, nari, sutitsi-nari, yanabu 
(ref. to seeds only) (Osborne & Tomiyama 1995, Bonta & Osborne 2007). 

Stems arborescent, to 1—3(—7) m tall, 20 cm diam. at narrowest point, 110-160 leaves in 
crown. Leaves deep green, semiglossy, 50-150 cm long, strongly to moderately keeled 
(opposing leaflets inserted at 70-120° on rachis), with 100-240 leaflets, with orange 
tomentum shedding as leaf expands; rachis usually terminated by a spine; petiole 
6-10 cm long, (8-15% of total leaf), glabrous, spinescent for 80-100% of length; basal 
leaflets gradually reducing to spines, 10-20 mm long, spines 1-3 mm long. Median 
leaflets simple, strongly discolorous, 80-180 mm long, 3-6 mm wide, inserted at 
30-40° to rachis, decurrent for 2-5 mm; narrowed to 2-3 mm at base (to 33-50% of 
maximum width), 2.5-5 mm apart on rachis; section slightly keeled; margins revolute; 
apex aristate, spinescent; midrib flat above, raised below. Cataphylls linear, pungent, 
densely floccose, 7-11 mm long. Pollen cones fusiform, yellow, 30-60 cm long, 8-16 cm 
diam.; microsporophyll lamina waxy, not dorsiventrally thickened, 23-28 mm long, 
5.5-10 mm wide, fertile zone 24-27 mm long, sterile apex 6-8 mm long, apical 
spine absent; apex deflexed, 4.5-8 mm long. Megasporopbylls 12-19 cm long, yellow- 
tomentose; ovules 2-6, pubescent; lamina orbicular, 50-120 mm long, 40-55 mm wide, 
deeply pectinate, with 13-27 soft lateral spines 20-28 mm long, 2-3 mm wide; apical 
spine distinct or not distinct from lateral spines, 30-50 mm long. Seeds ovoid, 25 mm 
long, 20 mm wide; sarcotesta red, slightly pruinose, 3-5 mm thick; fibrous layer absent; 
sclerotesta smooth, or longitudinally grooved; spongy endocarp absent. 

Historical notes: C. revoluta was the second species of Cycas to be recognised, described 
in 1782 by Swedish botanist and physician Carl Peter Thunberg. No type was cited. 
The ‘Tessio’ of both Kaempfer (1712: V, 897) and Rumphius (1741: 1,70, t.24) were 
included as synonyms (Thunberg 1784). Reference was also made to cultivated plants, 
which were probably collected by Thunberg in Japan in 1775-1776, specimens now in 
UPS. Of the three sheets of C. revoluta present in the Thunberg herbarium, the sheet 
indicated was chosen as lectotype because it was the only sheet annotated‘e Japonia’. 

No type was cited by Warburg when he described C. miquelii, and distribution was 
cited only as “Sud-China”. However, Warburg (p. 179) makes indirect reference to 
Miquel’s mention of a plant cultivated in the Amsterdam Botanic Garden that had 
been brought in from the Bogor Botanic Garden and said to be from South China 
(Miquel 1851: 28); Miquel had incorrectly determined and illustrated these as 
C. inermis. Although not explicitly cited, these would appear to be the basis for 
C. miquelii, and hence can be considered original material under the Code (ICBN 
Art. 9.2 & Note 2) and acceptable as lectotypes. These specimens are clearly somewhat 
aberrant forms of C. revoluta lacking petiolar spines. C. miquelii must therefore fall into 
the synonymy of C. revoluta. Cycas inermis is a distinct species from southern Vietnam 
(see Hill et al. 2004). The neotypification in de Laubenfels and Adema (1998: 393) is 
based on a specimen of a quite different species from southern Thailand (C. clivicola, 
see also under C. sexseminifera). This choice is redundant when the Utrecht specimens 
from the Amsterdam Botanic Garden are taken as original material. It is also in conflict 
with the protologue in that the specimen is not from southern China. 

Distinguishing features: readily distinguished by the keeled, stiff leaves with crowded, stiff, 
narrow leaflets with strongly recurved or revolute margins and the tomentose ovules. 
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Distribution and habitat: widely distributed through the Ryukyu Islands of southern 
Japan, today primarily on steep to precipitous stony sites, but previously on flatter 
land now cleared. Reports of natural occurrences in coastal Fujian Province of China 
have not been substantiated in recent times, although circumstantial support for these 
claims is strong (Fig. 1). 

Conservation status: a number of natural stands are in protected areas, and this species 
is in cultivation worldwide in vast numbers, from artificially propagated sources. No 
immediate threat is evident. The Ver 3.1:IUCN (2001) status is NT (Donaldson 2003) 
but is here regarded as LC. 

Selected specimens examined: CHINA: Fujian: near Chekiang border, 600-1200m, Ching2260, 
Aug 1924 (BM); Diongloh HSien, Meihwa, C/umg 2045,29 Jul 1923 (K). JAPAN: Ins. Tanegashima, 
Nishino-Omote, Ohwi & Okamoto TSM 994, 7 Nov 1953 (B, K); Liukiu Is., wild on sea cliffs 
around Nahe, Wilson 8058, 11 Mar 1917 (K, NY); Ryukyu Is., Taketomi Shima, Omasu, NE of 
Hazama, Fosberg 37634, 19 Jun 1956 (K, NY); Ryukyu Is., Myako Jina, 0.5 km SE of Matsubara, 
Fosberg 38242, 14 Aug 1956 (K, NY); Ryukyu Is., Ishigaki Shima, 0.5 km S of Todoroki Gawa, 
Fosberg 38117, 31 Jul 1956 (K); Ryukyu Is., Okinawa Hontoo, Kiyan Itoman-shi, Myshi Furuse 
2413, 10 Nov 1972 (K); Ryukyu, Ins. Okinawa, Oku, Tamura 25854, 9 Oct 1972 (B). 


30°.' 


® C. revoluta 

® C. taitungensis 



LEGEND 


C. panzhihuaensis 


115° 
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Fig. 1 . Distributions of C. panzhihuaensis, C. revoluta, C. taitungensis. 
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2. Cycas taitungensis C.F.Shen, K.D.Hill, C.H.Tsou & C.J.Chen, Bot. Bull. Acad. Sin. 35: 
135-138(1994). 

Type: Taiwan, Taitung Hsien, Yenping, in the Cycad Reserve, Chi-Hua Tsou 825 ,28 Jun 
1993 (holo HAST; iso A, BM, K, NSW, NY, P, PE, TAI). 

Literature: Li (1980), Wang (1996). 

Illustrations: Cheng et al. (1975), Li (1980), Wang (1996). 

Etymology: from the prefecture of Taitung, a mountainous region in south-eastern 
Taiwan, where this species is native, with the Latin termination -ensis, place of origin. 

Vernacular: Chinese - tai-dong su-tie, feng-wei-jiao (Phoenix-tail grass or palm); 
English (hort.) - emperor sago (Chen et al. 1995, Bonta 8c Osborne 2007). 

Stems arborescent, to 3(-6) m tall, 25-30 cm diam. at narrowest point. Leaves deep 
green, semiglossy, 100-180 cm long, moderately keeled (opposing leaflets inserted at 
120-150° on rachis), with 150-170 leaflets, with orange tomentum shedding as leaf 
expands; rachis usually terminated by a spine; petiole 15-20 cm long (15-20% of 
total leaf), petiole glabrous, spinescent for 50-90% of length; basal leaflets gradually 
reducing to spines, c. 30 mm long, spines 1-3 mm long. Median leaflets simple, strongly 
discolorous, 120-170 mm long, 6-8 mm wide, inserted at 45-60° to rachis, decurrent 
for 2.5-4.5 mm, narrowed to 2—2.5 mm at base (to 30-45% of maximum width), 4.5-6 mm 
apart on rachis; section slightly keeled; margins recurved; apex acute, spinescent; 
midrib flat above, raised below. Cataphylls linear, pungent, densely floccose, 7-11 mm 
long. Pollen cones fusiform, yellow, 35-50 cm long, 8.5-10 cm diam.; microsporophyll 
lamina waxy, not dorsiventrally thickened, 35-40 mm long, 11.5-15 mm wide, fertile 
zone 25-30 mm long, sterile apex 4.5-10 mm long, apical spine absent; apex deflexed, 
6 mm long. Megasporophylls 21-26 cm long, brown-tomentose; ovules 2-6, pubescent; 
lamina orbicular, 100-130 mm long, 80-100 mm wide, deeply pectinate, with 28-36 
soft lateral spines 35-45 mm long, 1.5-3 mm wide, apical spine not distinct from 
lateral spines. Seeds oblong, 40-45 mm long, 25-30 mm wide; sarcotesta red, slightly 
pruinose, 1.5-3 mm thick; fibrous layer absent; sclerotesta longitudinally grooved; 
spongy endocarp absent. 

Historical notes: although not described until 1994, this species was widely known 
previously under the misapplied name C. taiwaniana. 

Distinguishing features: although very close to C. revoluta, this species is readily 
distinguished by the longer, flatter leaves with longer and flatter leaflets. Female cones also 
tend to be more tightly imbricate and cabbage-like, and seeds are darker in colour. 

Distribution and habitat: known only from the mountainous southern parts of 
Taiwan, growing on steep to precipitous slopes (Fig. 1). 

Conservation status: although a stand occurs in a nature reserve established specifically 
for this cycad, the area is small and subject to earth movement and erosion. Ver 3.1 :IUCN 
(2001) status is VU (Donaldson 2003). 

Selected specimens examined: CHINA: Taiwan: Taitung County, inter Sesui et Matuyama, 
Yamamoto & Goto, 28 Dec 1928 (TAI 194156, TAI 194157, TAI 194159); Taitung, Hsieh & Tsou 
s.n., Nov 1992 (PE). Cult.: Burpengary, Queensland, Australia, from seed from Taitung, Taiwan, 
Walkley NSW 265951, Feb 1993 (NSW); Ningyang, Fujian, China, from Taitung, Taiwan, Lin 
5562 (PE); Xianhe Bot. Gard., Shenzen, China, from Taitung, Taiwan, Chen 92589 (PE); Kaede 
Taito-cho, Tanaka 10451, 7 Mar 1931 (BM, NY). 
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B. Section PANZHIHUAENSES (D.Yue Wang) K.D.Hill, stat. nov. 

Cycas subgenus Panzhihuaenses D.Yue Wang, Cycads China 26 (1996). 

Type: C. panzhihuaensis L.Zhou & S.Y.Yang 

This section is defined by the firm, waxy microsporangiate cones and microsporophylls, 
the pectinate megasporophyll apices, the glabrous ovules, and the red to orange seeds with 
a non-fibrous sarcotesta and a smooth, unornamented sclerotesta. The circumscription 
as applied here includes only the type species, in contrast to the circumscription of 
Wang (1996). The group is relictual, and includes only a single species occuring in 
south-western China (Fig. 1). Although firm and waxy as developing, male cones and 
microsporophylls become soft and break down quickly afer maturity. This section 
shares deeply encrypted stomata with section Asiorientales. 

3. Cycas panzhihuaensis L.Zhou & S.Y.Yang, Acta Phytotax. Sin. 19(3): 335, Tab. 10, 
Fig. 1-6; Tab. 11, Fig. 1-10 (1981). 

Type: China, Sichuan, Dukou, Baguan He, Yang Siyuan 10 (holo PE). 

Cycas baguanheensis L.K.Fu & S.Z.Cheng, Acta Phytotax. Sin. 19(3): 337 (1981). 

Type: China, Sichuan, Dukow Shi (Panzihua City), Yang Si-Yuan & Wu Bin 13, 1979 
(holo PE). Included in C. panzhihuaensis by Zhou and Yang (1981). 

Literature: Wang (1996). 

Illustrations: Wang (1996). 

Etymology: from the natural occurrence of this species in the Panzihua Prefecture of 
southern Sichuan Province, China, with the Latin termination -ensis, place of origin. 

Vernacular: Chinese - e-bao-gong, e-boa-chi, Panzhihua su-tie (Walters & Yang 1994, 
Bonta & Osborne 2007). 

Stems arborescent, to 1—2(—3) m tall, 15-20 cm diam.at narrowest point; 30-80 leaves in 
crown. Leaves bluish, semiglossy, 70-150 cm long, flat (not keeled) in section (opposing 
leaflets inserted at 180° on rachis), with 140-250 leaflets, with orange tomentum 
persistent below; rachis consistently terminated by paired leaflets; petiole 7-25 cm long 
(15—25% of total leaf), petiole glabrous, spinescent for 50—70% of length; basal leaflets 
not gradually reducing to spines, 50-70 mm long, spines 1-3 mm long. Median leaflets 
simple, strongly discolorous, 120-230 mm long, 5-7 mm wide, inserted at 50-60° to 
rachis, decurrent for 4—6 mm, narrowed to 2-3 mm at base (to 35-45% of maximum 
width), 6-10 mm apart on rachis; section flat; margins flat to slightly recurved; apex 
aristate, spinescent; midrib flat above, raised below. Cataphylls narrowly triangular, 
soft, densely brown floccose, 60-90 mm long. Pollen cones fusiform, yellow, 25-50 cm 
long, 8-14 cm diam.; microsporophyll lamina waxy, not dorsiventrally thickened, 40- 
60 mm long, 18-32 mm wide, fertile zone 30-40 mm long, sterile apex 8-11 mm long, 
deflexed; apical spine rudimentary, deflexed, 1-4 mm long. Megasporophylls 11-21 cm 
long, yellow-tomentose or brown-tomentose; ovules 1-5, glabrous; lamina orbicular, 
70-150 mm long, 35-70 mm wide, deeply pectinate, with 23-40 soft lateral spines 
10-40 mm long, 2-2.5 mm wide, apical spine not distinct from lateral spines. Seeds 
subglobose, 25-35 mm long, 22-30 mm wide; sarcotesta red to orange, not pruinose, 
1.5 mm thick; fibrous layer absent; sclerotesta smooth; spongy endocarp absent. 
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Historical notes: probably the most abundant Chinese cycad, although only recendy 
described. This species was named in 1981 by Chinese horticulturists Lin Zhou and Si- 
Yuan Yang, based on specimens that Yang and Bin Wu had collected near Dukou, now 
Panzhihua City, in 1979. In the same paper, Chinese botanists Li-Kuo Fu and Shu-Zhi 
Cheng from the Institute of Botany in Beijing described C. baguanheensis , based on 
collections by Yang and Wu from Baguan He, also near Panzhihua City, collected on 
the same expedition in 1979. It has been generally accepted subsequently, however, that 
the latter was merely a depauperate form of the former from a harsher site (Guan 1983, 
Zhou 1990). 

Distinguishing features: one of the most distinct of the Chinese cycads, characterised 
by the flat, erect leaves with narrow, dull bluish leaflets and the small, orange-red seeds. 

Distribution and habitat: known from southern Sichuan and northern Yunnan 
Provinces (Fig. 1), typically in fairly dry, closed low woodland or shrubland thickets 
on moderately to steeply sloping sites. Soil is usually derived from limestone, although 
occurrences on shale and sandstone are known. As with all mainland Asian cycads, 
human population pressure has had considerable impact, and present distributions 
may represent a small fraction of the distribution of only a century ago. 

Conservation status: although populations numbering hundreds of thousands were 
recently recorded (Zhou 1990), and two nature reserves have been designated for the 
protection of this species, it must still be regarded as potentially endangered. Much of 
the habitat is under immediate threat of clear cutting for fuel and agricultural land, and 
plants are being extensively collected for sale as food, medicine and ornamentals, even 
within the reserves (Walters ct al. 1995). Ver 3.1:IUCN (2001) status is NT (Donaldson 
2003). 

Selected specimens examined: CHINA: Yunnan: Yan Mou, Longjie, Wu 840103, May 1984 
(KUN); Lu Quan county, Li 03 (KNF). 

C. Section STANGERIOIDES Smitinand 

Cycas section Stangerioides Smitinand, Nat. Hist. Bull. Siam. Soc. 24: 168 (1971). Type: 
C. micholitzii Dyer. 

This section is defined by the soft microsporangiate cones and microsporophylls, the 
pectinate megasporophyll apices, the glabrous ovules, and the yellow seeds with a non- 
fibrous, loose, freely peeling sarcotesta, and a verrucose sclerotesta. It is a taxonomically 
complex group, circumscribed as by Hill (1995), rather than Smitinand (1971) or 
Wang (1996), although present knowledge would also suggest exclusion of the Chinese 
species C. panzhihuaensis from the section. The group encompasses most of the Chinese 
species, and ranges from northern Thailand and north-eastern Myanmar east through 
Laos, Vietnam and southern China. Seventeen species occur in China, in the south and 
east (Figs. 2-5). 

4. Cycasguizhouensis Lan & R.F.Zou, Acta Phytotax. Sin. 21(2): 5 (1983). 

Type: China, Guizhou: cultivated in hospital of Xingyi (plants originally introduced 
from Wantun, Xingyi), 10 Aug 1981, K.M. Lan et R.F. Zou 81-8-0001 (holotype in 
Herb. Guizhou Agr. Coll; iso PE). 

Cycas multiovula D.Y.Wang, Cycads China: 83 (1996). 

Type: cultivated in Gejiu, Yunnan, China, IX Y. Wang5574 (holo SZG; isotypes IBSC, NF). 
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Literature: Wang (1996). 

Illustrations: Wang (1996). 

Etymology: from Guizhou province, with the Latin termination -ensis, place of 
origin. 

Vernacular: Chinese - feng-wei-cao (Phoenix-tail grass or palm), feng-wic-tie, feng-wei 
su-tie, Guizhou su-tie, Nanpan jiangsu-tie (Nanpan River cycad), (qiannian),guan-ym- 
lian, shan-bo-lou , su-tie (Walters & Yang 1994, Bonta & Osborne 2007). 

Stems arborescent to acaulescent, to 1 m tall, 10-15 cm diam. at narrowest point; 
5-20 leaves in crown. Leaves deep green, semiglossy, 100-180 cm long, slightly keeled 
(opposing leaflets inserted at 130-170° on rachis), with 110-210 leaflets, with orange 
tomentum shedding as leaf expands; rachis consistently terminated by paired leaflets; 
petiole 30-60 cm long (25-40% of total leaf), petiole glabrous, spinescent for 40-100% 
of length but not spinescent across swollen base; basal leaflets not gradually reducing 
to spines, 110-200 mm long; spines 1-4 mm long. Median leaflets simple, strongly 
discolorous, 160-370 mm long, 8-12 mm wide, inserted at 55-65° to rachis, decurrent 
for 4-5 mm, narrowed to 2.5-3 mm at base (to 30-40% of maximum width), 10-16 mm 
apart on rachis, somewhat twisted (insertion not parallel to rachis); section slightly 
keeled; margins flat, or slightly recurved; apex acute, not spinescent; midrib raised 
above, flat below or raised below. Cataphylls narrowly triangular, soft, pilose, 50-80 
mm long. Pollen cones fusiform, orange to brown (very pale), 20-40 cm long, 6-14 cm 
diam.; microsporophyll lamina soft, not dorsiventrally thickened, 30-40 mm long, 17— 
20 mm wide, fertile zone 27-36 mm long, sterile apex 3-5 mm long, level, apical spine 
absent. Megasporophylls 10-20 cm long, yellow-tomentose or brown-tomentose; ovules 
4-8, glabrous; lamina orbicular, 60-70 mm long, 60-80 mm wide, deeply pectinate, 
with 17-33 soft lateral spines 20-45 mm long, 2-4 mm wide, apical spine distinct from 
lateral spines, 25-45 mm long, 9-17 mm wide at base. Seeds subglobose, 23-29 mm 
long, 22-28 mm wide; sarcotesta yellow, not pruinose, 1.5 mm thick; fibrous layer 
absent; sclerotesta smooth or verrucose; spongy endocarp absent. 

Historical notes: when described in 1983 by Chinese botanists K.M. Lan and R.R Zou, 
this species was contrasted with C. pectinata, although its affinities are actually with 
the group of Chinese cycads that includes C. balansae and C. taiwaniana. The type was 
collected by Lan and Zou from a cultivated plant in the grounds of the Xingyi hospital 
in 1981, although wild collections were also known. The type of C. multiovula was later 
collected from the same place. 

Distinguishing features: within the group of Chinese cycads with soft pollen cones, 
loose, freely peeling sarcotesta lacking a fibrous layer and verrucose sculpting of the 
sclerotesta (Section Stangerioides), this species is distinguished by the narrow leaflets 
and small stature, with a petiole that is usually not wholly spinescent, and leaves that 
are slightly keeled with leaflets distinctly twisted on the rachis. Pollen cones are also 
quite large (to 40 cm long). 

Distribution and habitat: this species is known from the Nanpan and Qingshui valleys 
in south-western Guizhou province, eastern Yunnan and north-western Guangxi 
provinces (Fig. 2). It is typical of low, scrubby forests on steep slopes on limestone 
bluffs or screes. 
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Conservation status: Walters et al. (1995) report extensive destruction of this species 
during the cultural revolution, regarding it as the most seriously threatened of all 
Chinese cycads. They also report that the Qian-Xu-Nan Prefecture Department of 
Forestry in Xing-yi has abandoned hope of in situ protection (in that prefecture), and 
are concentrating on ex situ conservation collections. More recent studies indicate 
however that this species is moderately abundant over a considerable area around the 
common borders of Guizhou, Guangxi and Yunnan provinceslt is listed by the 1997 
IUCN Red List of Threatened Plants as category V, although considerable confusion 
is shown by the inclusion of szechuanensis as a synonym, and then the listing of the 
latter separately as category Ex (see also C. szechuanensis). Ver 3.1:IUCN (2001) status 
is NT (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: cultivated in Longlin city, Collected nearby, 
C./. Chen, Y.C. Zhong & K.D. Hill 24, 25, 15 Nov 1998 (NSW, FTG HN, NY, PE); cultivated in 
Xingyi city, Collected nearby, C.J. Chen, Y.C. Zhong & K.D. Hill 27, 16 Nov 1998 (NSW, HN, L 
NY, PE); Long Xui Ten locality, Gao Feng village, Ya Zha town, N of Longlin city, C.J. Chen, Y.C. 
Zhong & K.D. Hill 26, 16 Nov 1998 (NSW, HN, K NY, PE). 
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Fig. 2. Distributions of C. balansae, C. collina, C. diannanensis, C. dolichophylla, C. guizhouensis, 
C. segmentifida and C. tanqingii. 
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5. Cycas segmentifida D.Y.Wang 8c C.Y.Deng, Encephalartos 43: 11 (1995). 

Type: cultivated, South China Botanical Garden, Guangzhou, China, D.Y. Wang & H. 
Peng 2967, 16 May 1994 (holo SZG; iso FTG n.v., GZAC n.v., NF n.v., NSW, XIN n.v.). 

Cycas longiconifera Hung T.Chang, Y.C.Zhong 8c Y.Yuan Huang, Acta Sci. Nat. Univ. 
Sunyatseni 37(4): 6 (1998). 

Type: China, Guangxi, Baise, alt. 850 m, in calceo-saxo, Y.C. Zhong 8771, 26 Mar 1998 
(holo SYS). Included in the synonymy of C. segmentifida by Chen and Stevenson 
(1999). 

Cycas longlinetisis Hung T.Chang 8c Y.C.Zhong, Acta Sci. Nat. Univ. Sunyatseni 36: 68 
(1997). 

Type: China, Guangxi, Longlin, Mt Jin Zhong Shan, alt. 860 m, in arenoso-saxum, Y.C. 
Zhong 80848, 14 Dec 1991 (holo SYS). Included in the synonymy of C. segmentifida by 
Chen and Stevenson (1999). 

Cycas multifida Hung T.Chang 8c Y.C.Zhong, Acta Sci. Nat. Univ. Sunyatseni 36: 70 
(1997). 

Type: China, Guanxi, Xiling, in arenoa-saxa, alt. 780 m, Y.C. Zhong 80196, 27 Jun 
1995 (holo SYS). Included in the synonymy of C. segmentifida by Chen and Stevenson 
(1999). 

Cycasxilingensis Hung T.Chang 8< Y.C.Zhong, Acta Sci. Nat. Univ. Sunyatseni 36:69 (1997). 

Type: China, Guanxi, Xiling, alt. 880 m, Y.C. Zhong 80866, 18 Jul 1994 (holo SYS). 
Included in the synonymy of C. segmentifida by Chen and Stevenson (1999). 

Literature: Chen and Stevenson (1999), Chen and Liu (2004). 

Illustrations: Wang (1996). 

Etymology: from the Latin, segmentifida, divided into segments, from the deeply 
divided megasporophyll. 

Stems acaulescent or arborecent, to 0.5 m tall, 10-23 cm diam. at narrowest point, 8-25 
leaves in crown. Leaves deep green, highly glossy, 120-280 cm long, flat (not keeled) in 
section (opposing leaflets inserted at 180° on rachis), with 80-190 leaflets, with orange 
tomentum shedding as leaf expands; rachis consistently terminated by paired leaflets; 
petiole 40-140 cm long (30-50% of total leaf), glabrous, spinescent for 90-100% of 
length; basal leaflets not gradually reducing to spines, 70-290 mm long; spines 1-4 mm 
long. Median leaflets simple, strongly discolorous, 120-420 mm long, 9-20 mm wide, 
inserted at 50-80° to rachis, decurrent for 4-7 mm, narrowed to 3-7 mm at base (to 
30-50% of maximum width), 11-24 mm apart on rachis, inserted parallel to rachis; 
section flat; margins flat, sometimes undulate; apex acute, not spinescent; midrib raised 
above, raised below. Cataphylls narrowly triangular, soft, pilose, 70-100 mm long. 
Pollen cones fusiform, yellow, 30-60 cm long, 5-12 cm diam.; microsporophyll lamina 
soft, not dorsiventrally thickened, 20-30 mm long, 15-18 mm wide, fertile zone 17-27 
mm long, sterile apex 3 mm long, level, apical spine absent. Megasporophylls 16-25 cm 
long, yellow-tomentose or brown-tomentose; ovules 4-8, glabrous; lamina orbicular, 
80-130 mm long, 50-120 mm wide, deeply pectinate, with 16-44 soft lateral spines 20- 
70 mm long, 2-3 mm wide, apical spine distinct from lateral spines, 25-125 mm long, 
8-20 mm wide at base. Seeds subglobose, 28-35 mm long, 24-30 mm wide; sarcotesta 
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yellow, not pruinose, 1.5 mm thick; fibrous layer absent; sclerotesta verrucose; spongy 
endocarp absent. 

Historical notes: reports of an unidentified species from Longlin county in north¬ 
western Guangxi (Sykes 1991) probably refer to this species. 

Distinguishing features: within the group of Chinese cycads with soft microsporangiate 
cones, loose, freely peeling sarcotesta lacking a fibrous layer and verrucose sculpting of 
the sclerotesta (Section Stangerir/ ies), this species is distinguished by the small seeds, 
broad leaflets with flat or undulate margins, leaflets that are flat and not twisted on the 
rachis, and a large megasporophyll apex with a broad apical spine. 

Distribution and habitat: once an extremely widespread species through western 
Guangxi, extending into southern Guizhou and eastern Yunnan, in both cases to a 
limited extent (Fig. 2). This species occurs on a range of substrates from limestone 
to shale and schist, usually on steep slopes lower in valleys with some although often 
skeletal soil cover. Vegetation ranges from closed evergreen forest to mixed deciduous 
and evergreen woodland, although today is mostly severely degraded to grassland or 
scrubby secondary regrowth. 

Conservation status: this species was moderately abundant over a considerable area 
in western Guangxi province, but now severely depleted. Ver 3.1:IUCN (2001) status is 
VU (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: Debao County, Ba Gen village, 5 km from 
Debao city, Chen, Zhong & Hill 07, 9 Nov 1998 (BKF, HN, K, NY, P, PE); Debao County, side 
road from main Debao to Baise road, Chen, Zhong & Hill 09, 10,9 Nov 1998 (NSW, PE); Tianlin 
County, Yan Ron locality, Wei Hua village, Le Li town, 10 km SW of Tianlin city, Chen, Zhong & 
Hill 11, 12, 10 Nov 1998 (NSW, PE); Tianlin County, Fu Da town, S of Tian Lin city, cultivated 
in town, collected from nearby, Chen, Zhong & Hill 15, 11 Nov 1998 (NSW, PE); Xilin County, 
Long Lo Tun locality, Po Ning village, Ba Da town, ca 3 km SE of Xilin city, type locality for 
C. xilingensis, Chen, Zhong & Hill 17, 12 Nov 1998 (NSW, PE); Xilin County, Zhou Bong village, 
ca 9 km NE of Xilin city, type plant of C. multifida, Chen, Zhong & Hill 18, 12 Nov 1998 (NSW, 
PE); Xilin County, Zu Be town, ca 3 km SE of Xilin city, Chen, Zhong & Hill 19, 13 Nov 1998 
(NSW, PE); Longlin County, Liu Long Guo, near Bian Ya town, E of Longlin city, Chen, Zhong 
& Hill 20, 15 Nov 1998 (NSW, PE). Yunnan: cult, in Funing Middle Vocational School garden, 
plants coll, from wild near Bo’ai, Chen, Hong, Hill & Stevenson 001 ( Hong 327), 2 Jul 2000 (PE, 
YAF, IBSC, NSW, NY); cult, in Wenshan Forestry Office, plants coll, from wild at Ake, Guangnan 
County, Chen, Hong,Hill & Stevenson 002 (Hong328), 3 Jul 2000 (PE, YAF, IBSC, NSW, NY). 

6. Cycas dolichophylla K.D.Hill, H.T.Nguyen & L.K.Phan, Bot. Rev. 70(2): 157-160, 
fig. 7 (2004). 

Type: Vietnam: Tuyen Quang: Na Hang, Pu La mountain, 2 Nov 1996, H.T. Nguyen 
2124 (holo HN) 

Etymology: from the Greek dolichos, long, and phyllon, leaf, referring to the long 
leaves. 

Stems arborescent, to 1.5 m tall, 18-30 cm diam. at narrowest point. 8-40 leaves in 
crown. Leaves bright green to deep green, highly glossy, 200-450 cm long, flat (not 
keeled) in section (opposing leaflets inserted at 180° on rachis), with 150-270 leaflets, 
with orange tomentum shedding as leaf expands; rachis consistently terminated by 
paired leaflets; petiole 40-110 cm long (20-35% of total leaf), glabrous, spinescent 
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for 90-100% of length; basal leaflets not gradually reducing to spines, 90—240 mm 
long; spines 4-10 mm long. Median leaflets simple, strongly discolorous, 190-420 mm 
long, 14-25 mm wide, inserted at 60-85° to rachis, decurrent for 5-8 mm, narrowed to 
3-6 mm at base (to 20—35% of maximum width), distinctively rounded at base, 16-30 
mm apart on rachis, inserted parallel to rachis; section flat; margins undulate; apex 
softly acuminate, not spinescent; midrib raised above, flat below. Cataphylls narrowly 
triangular, soft, pilose, 80-120 mm long. Pollen cones narrowly ovoid or fusiform, 
yellow, 35-58 cm long, 8-10 cm diam.; microsporophyll lamina soft, not dorsiventrally 
thickened, 30—36 mm long, 9—13 mm wide, fertile zone 27-34 mm long, sterile apex 
2-4 mm long, level; apical spine rudimentary or absent, sharply upturned, 0-3 mm 
long. Megasporophylls 15-26 cm long, brown-tomentose; ovules 2-4, glabrous; lamina 
orbicular, 60—120 mm long, 50—100 mm wide, deeply pectinate, with 16—26 soft spines 
40-50 mm long, 2-3 mm wide, apical spine not distinct from lateral spines. Seeds ovoid 
or flattened-ovoid or oblong, 40-64 mm long, 33-36 mm wide; sarcotesta yellow, not 
pruinose, 2-4 mm thick; fibrous layer absent; sclerotesta verrucose; spongy endocarp 
absent. 

Historical notes: although the most widespread and abundant cycad in northern 
Vietnam, C. dolichophylla was recognised as a distinct species only in the late 1990’s. 

Distinguishing features: the robust though usually short aerial trunk, the longer and 
more numerous leaves with more numerous leaflets that are short, broad and distinctively 
rounded at the base, the long slender petiolar spines and the larger microsporangiate 
cones with rounded microsporophylls that lack any apiculus distinguish this species. 
Megasporophylls are similar to those of C. balansae, but larger and more robust. 
C. dolichophylla is also part of the complex of closely related taxa that is distributed 
through northern Vietnam, Laos, northern Thailand and Yunnan and Guangxi in 
southern China (Section Stangerioides). Within this section, a subgroup that may be a 
natural group is defined by a robust habit with a stout erect aerial trunk. This subgroup 
is mainly Chinese (including C. hainanensis, C. taiwaniana and C. diannanensis ), with 
C. dolichophylla the only member of the group known to extend beyond China. 

Distribution and habitat: locally frequent in more sheltered sites in deep shade in tall 
closed evergreen forests, from near the Chinese border in the north and north-west to 
Ben En National Park in Thanh Hoa province in the south, extending north-west to a 
very short way into eastern Yunnan province (Fig. 2). This species occurs on loamy soils 
over limestone, shale, schist or granite, in closed evergreen forests, although today these 
are often reduced to scrubby regrowth and bamboo scrub. 

A population occurring west of the city of Moc Chau in Vietnam has narrow leaflets 
with slender bases, short to medium petioles and small seeds, and is interpreted as a 
zone of intergradation with C. collina, which is abundant in higher country to the west 
(specimens cited under C. collina). Plants observed in cultivation around Vo Nhai and 
Yen Son districts, Thai Nguyen Province, Vietnam, were intermediate in form between 
C. dolichophylla and C. ferruginea, and have been interpreted as hybrid individuals. In this 
region, C. ferruginea is abundant on steep exposed limestone faces, and C. dolichophylla 
is abundant in adjacent closed forests on deep heavy soils (specimens cited below). 
Plants observed in cultivation in villages west of Thai Nguyen, Vietnam, and said to have 
been collected locally were morphologically intermediate between C. dolichophylla and 
C. bifida 

Conservation status: Ver 3.1:IUCN (2001) status is VU (Donaldson 2003). 
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Selected specimens examined: CHINA: Yunnan: Hekou county, Anjiahe district, cult, in 
Machang village, plants coll, from wild at Yang Hui village, Chen, Hong, Hill dr Stevenson 003 
(Hong 329), 4 Jul 2000 (PE, YAF, IBSC, NSW, NY);Hekou county, Nanxi town, Xiaonanxihe, at 
132 km of the highway, Batou , Chen, Hong, Hill & Stevenson 004, 005 ( Hong 332, 333), 4 Jul 
2000 (PE, YAF IBSC, NSW, NY); Pingbian County, Daoyao, Mutihe village, by Jingchang River, 
a tributary of Nanxi River, Chen, Hong, Hill & Stevenson 007 (Hong 345), 5 Jul 2000 (PE, YAF, 
NSW, NY). VIETNAM: Bac Can: Bac Can city, cult., coll, from ca 13 km to SE, 15 Mar 1999, 
Hill 5036 & Loc (HN, NSW); Cho Moi, Tan Son, Nam Dat, ca 400 m. alt., 16 Mar 1999, Hill 
5037, 5038 & Loc (HN, NSW). Cao Bang: Nguyen Binh, Huo Tham, Be Nuoc, ca 400 m. alt., 
14 Mar 1999, Hill 5032 & Loc (HN, NSW). Ha Giang: Vi Xuyen, Viet Lam, Muc, 28 km S of Ha 
Giang city, cult, in village, coll, ca 3 km to NW, 26 Mar 1999, Hill 5068 & Loc (HN, NSW); Vinh 
Tuy, SE edge of Vinh Tuy townlet, cult, in garden, coll, ca 20 km SW, 26 Mar 1999, Hill 5069 & 
Loc (HN, NSW). Lai Chau: Phong Tho, Muong So, Vang Khon, cult, in village, coll, from steep 
limestone ridge behind village, 23 Mar 1999, Hill 5064 d- Loc (HN, NSW); Phong 1 ho, Muong 
So, Phuong Lanh, 24 Mar 1999, Hill 5065 dr Loc (HN, NSW). Lao Cai: Lao Cai city, cult., coll. 
10 km to W or SW, 24 Mar 1999, Hill 5066 & Loc (HN, NSW); Bao Yen, Thuong Ha, 3rd village, 
25 Mar 1999, Hill 5067 & Loc (HN, NSW). Ninh Binh: Cue Phuong, 29 Dec 1994, Hiep 2029 
(HN); Nho Quan, Cue Phuong National Park, near gate, cult, on old village site, thought to 
have been collected locally, 18 Mar 1999, Hill 5049 dr Loc (HN, NSW); Nho Quan, Cue Phuong 
National Park, near Bong, 18 Mar 1999, Hill 5051 & Loc (HN, NSW); Nho Quan, Cue Phuong 
National Park, cult, in village at entrance gate, coll, nearby, 19 Mar 1999, Hill 5052 & Loc (HN, 
NSW). Son La: Moc Chau, Van Ho, Hang Trung, 20 km E of Moc Chau, 21 Mar 1999, Hill 
5057 & Loc (HN, NSW). Thai Nguyen: Vo Nhai, Lau Thuong, Lung Hang, cult, near house, 
coll. 500 m to east, 16 Mar 1999, Hill 5041, 5042 & Loc (HN, NSW). Thanh Hoa: Nhu Xuan, 
Ben En National Park, 13 Oct 1996, Hiep 2116, 2117, 2118 (HN); Nhu Thanh, Hai Van, Xuan 
Lai, 19 Mar 1999, Hill 5054 dr Loc (HN, NSW); Ngoc Lac, Minh Son, Minh Chau, cult, in village, 
coll, nearby, 20 Mar 1999, Hill 5055 dr Loc (HN, NSW); Lang Chanh, Dong Luong, Thung, 20 
Mar 1999, Hill 5056 dr Loc (HN, NSW). Tuyen Quang: Chiem Hoa, Yen Nguyen, Dong Vang, 
29 Mar 1996, Yang dr Hiep 768 (HN); 31 Mar 1996, Yang dr Hiep 774 (HN); Na Hang, Pac Ban, 
Nam Chang, 30 Mar 1996, Yang & Hiep 769, 770 (HN); Hiep 2083 (HN); Yen Son, Tien Bo, Goc 
Thi, cult in garden, coll from wooded hills close by, 17 Mar 1999, Hill 5046 dr Loc (HN, NSW). 
Hybrid swarm: Cycas dolichophylla X C. ferruginea VIETNAM: Thai Nguyen: Vo Nhai, Lau 
Thuong, Lang Hang, cult, near house, coll. 500 m to east, 16 Mar 1999, Hill 5039, 5040 dr Loc 
(HN, NSW); Quang Son, Dong Hai, cult, in gardens, coll, from steep limestone cliffs 3-400 m to 
W, 16 Mar 1999, Hill 5045 & Loc (HN, NSW). 

7. Cycas diannanetisis Z.T.Guan & G.D.Tao, Sichuan Forestry dr Desig., 1995: 1 (1995). 
Type: China, Yunnan, S. Gejiu County, Manhao, alt 700-1120 m., G.D. Tao 95014 (holo 
ISBC). 

Cycasparvulus S.L.Yang, in D.Y.Wang, Cycads China: 93 (1996). 

Type: China, Yunnan, around Mengdian village, Honghe County, 5 km from Yuanjiang 
[River], S.L. Yang 317 (holo HWA n.v.; iso FTG n.v., PE). Study of the isotype held in 
PE and of living plants has led to the inclusion of this taxon in the synonymy of C. 
diannanensis. 

Cycaspectinata var. manhaoensis C.Chen & P.Yun, Acta Bot. Yunnan. 17: 400 (1995). 

Type: China, Yunnan, Gejiu, Manhao, 1210 m., M.C. Cai & P. Yttn, 22, 19 Jun. 1995 
(holo YUN). Included in the synonymy of C. diannanensis by Guan and Tao (1995). 

Literature: Wang (1996, and also as C. parvulus). 

Illustrations: Wang (1996, and also as C. parvulus). 
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Etymology: from the municipality of Diannan in Gejiu County, Yunnan Province. 

Stems arborescent or acaulescent, to 3 m tall, 25-35 cm diam. at narrowest point, 12-50 
leaves in crown. Leaves bright green or deep green, highly glossy, 140-330 cm long, 
slightly keeled or flat (not keeled) in section (opposing leaflets inserted at 160-180° on 
rachis), with 160-300 leaflets, with white or orange tomentum shedding as leaf expands; 
rachis terminated by a spine 1-11 mm long or paired leaflets; petiole 45-100 cm long 
(20-30% of total leaf), glabrous, spinescent for 90—100% of length; basal leaflets not 
gradually reducing to spines, 30-240 mm long; spines 1-4 mm long. Median leaflets 
simple, strongly discolorous, 130-320 mm long, 9-16 mm wide, inserted at 50-80° to 
rachis, decurrent for 3-7 mm, narrowed to 2.5-4 mm at base (to 20-30% of maximum 
width), 10-20 mm apart on rachis, inserted parallel to rachis; section flat; margins 
slightly recurved, sometimes undulate; apex acute, not spinescent; midrib raised above, 
raised below. Cataphylls linear, pungent, thinly sericeous or lacking tomentum, 120- 
200 mm long. Pollen cones narrowly ovoid, yellow, 50-65 cm long, 9-13 cm diam.; 
microsporophyll lamina soft, not dorsiventrally thickened, 35-60 mm long, 15-25 
mm wide, fertile zone 30-50 mm long, sterile apex 4—10 mm long, raised; apical spine 
rudimentary, sharply upturned, 0-2 mm long. Megasporophylls 16-24 cm long, grey- 
tomentose; ovules 4-8, glabrous; lamina orbicular or ovate, 65-140 mm long, 55-140 
mm wide, deeply pectinate, with 30-52 soft lateral spines 10-50 mm long, 1.5-4 mm 
wide, apical spine distinct from lateral spines, 10-45 mm long, 7-15 mm wide at base. 
Seeds ovoid, 28-40 mm long, 20-32 mm wide; sarcotesta yellow, not pruinose, 3-4 mm 
thick; fibrous layer absent; sclerotesta verrucose; spongy endocarp absent. 

Distinguishing features: within the group of Chinese cycads with soft microsporangiate 
cones, loose, freely peeling sarcotesta lacking a fibrous layer and verrucose sculpting of 
the sclerotesta (Section Stangerioides), this species is distinguished at once by the very 
long, prominent and pungent cataphylls, and also by the small seeds, broad leaflets with 
slightly recurved, sometimes undulate margins, leaflets that are flat and not twisted on 
the rachis, and a large megasporophyll apex with a broad apical spine. 

Distribution and habitat: a widespread species through central and eastern Yunnan, 
along the Hong He valley between Hckou and Shuangbai (Fig. 2). This species occurs 
on a range of substrates from limestone to shale and schist, usually on steep slopes high 
on ridges, between about 600 and 1800 m. Original vegetation was closed evergreen 
forest in the cloud zone, although today it is often severely degraded to grassland or 
scrubby secondary regrowth. 

Conservation status: this species is moderately abundant over a considerable area 
in central and eastern Yunnan province, but many populations are now depleted. Ver 
3.1:IUCN (2001) status is VU (Donaldson 2003). 

Selected specimens examined: CHINA: Yunnan: Gejiu county, Manhao, cult, in the garden of 
Lushuihe Hydroelectric Station Guest House, Chen, Hong, Out, Hill & Stevenson 16, 17 (Hong 
369,370), 8 lul 2000 (PE, YAF, IBSC, NSW, NY);Gejiu county, Manhao, Gougunpo, wild, Chen, 
Hong, Ch.u, Hill d~ Stevenson 12 (Hong 351 ), 7 Jul 2000 (PE, YAF, NSW, NY); Juanjiang county, 
cult, in Qingshuihe Huashiban Hydroelectric Station, Chen, Hong, Hill & Stevenson 23,24 (Hong 
408, 409), 15 Jul 2000 (PE, YAF, IBSC, NSW, NY);Xinping county, Yiao lie, cult, in hospital 
garden, coll, nearby, Chen, Hong, Hill & Stevenson 25, 26 (Hong 410, 411), 16 Jul 2000 (PE, YAF, 
IBSC, NSW, NY); Xinping county, Shui Tang,cult, in school garden, coll, nearby, Chen, Hong,Hill 
& Stevenson 27 (Hong 412), 16 Jul 2000 (PE, YAF, IBSC, NSW, NY); Xinping county, Ga So, wild, 
Hong229, 12 Dec 1999 (YAF); Shuang Bai county,!/ et al. 2216, 23 Apr 1999 (YAF). 
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8. Cycas collina K.D.Hill, H.T.Nguyen & L.K.Phan, Bot. Rev. 70(2): 142 (2004). 

Type: Vietnam: Son La: Mai Son, between Hat Lot and Bac Yen, 400-900 m alt., 5 Apr 
1996, S.L. Yang 777 &H.T. Nguyen (holo HN). 

Literature: Cheng et al. (1975, as C. siamensis), Wang (1996, as C. balansae). 

Illustrations: Cheng et al. (1975, as C. siamensis), Wang (1996, as C. balansae). 

Etymology: from the Latin collinus, pertaining to hills, from the occurrence at moderate 
to high elevations in mountainous country. 

Vernacular: Chinese - kong-que-bao-dan, shan-ba-buo, shen-xian-mi, xiang-wei-cai 
(Walters & Yang 1994, as C. simplicipinna; Bonta & Osborne 2007, as C. simplicipinna). 

Stems acaulescent, 10-20 cm diam. at narrowest point; 2-10 leaves in crown. Leaves 
deep green, highly to semiglossy, 180-330 cm long, slightly keeled (opposing leaflets 
inserted at 150-180° on rachis), with 90—190 leaflets, with orange and white tomentum 
shedding as leaf expands; rachis usually terminated by paired leaflets; petiole 70-190 cm 
long (35-55% of total leaf), glabrous, spinescent for 85-100% of length; basal leaflets 
not gradually reducing to spines, 120-260 mm long; spines 1-3 mm long. Median 
leaflets simple, strongly discolorous, 250-410 mm long, 15-23 mm wide, inserted at 
60-85° to rachis, decurrent for 2-8 mm, narrowed to 2.5-4 mm at base (to 10-25% of 
maximum width), 16-27 mm apart on rachis, inserted parallel to rachis; section flat 
or slightly keeled; margins flat, often undulate; apex softly acuminate, not spinescent; 
midrib raised above, flat or slightly raised below, narrow. Cataphylls narrowly triangular, 
soft, pilose, 50-80 mm long. Pollen cones narrowly ovoid or fusiform, yellow, 25-60 cm 
long, 6-10 cm diam; microsporophyll lamina soft, not dorsiventrally thickened, 25-40 
mm long, 14-19 mm wide; fertile zone 22-36 mm long, sterile apex 2-4 mm long, 
level; apical spine absent. Megasporophylls 8-14 cm long, yellow-tomentose, tomentum 
shedding; ovules 2-4, glabrous; lamina ovate, 50-70 mm long, 30-70 mm wide, deeply 
pectinate, with 12-22 soft lateral spines 15-35 mm long, 2 mm wide; apical spine not 
distinct from lateral spines. Seeds ovoid, 25-27 mm long, 20-22 mm wide; sarcotesta 
yellow, not pruinose, 2 mm thick; fibrous layer absent; sclerotesta verrucose; spongy 
endocarp absent. 

Historical notes: Chinese authors have misapplied the name C. siamensis to this taxon 
(Cheng et al. 1975). Later authors applied the names C. simplicipinna and C. balansae 
(Wang 1996; Chen 8c Stevenson 1999). 

Distinguishing features: the larger and often more numerous leaves with more 
numerous leaflets and the larger male cones with rounded microsporophylls distinguish 
this species from C. simplicipinna and C. balansae. It is one of the complex of closely 
related acaulescent taxa with soft pollen cones, loose, freely peeling sarcotesta lacking 
a fibrous layer and verrucose sculpting of the sclerotesta (Section Stangerioides) that 
is distributed through northern Vietnam, Laos, northern Thailand and Yunnan and 
Guangxi in southern China. The lack of a distinct apical spine on the microsporophyll 
further distiguish this species within the group. 

Distribution and habitat: locally frequent although not in dense stands, in more 
sheltered sites in deep shade in tall closed evergreen forests, mainly in the Sichuangbanna 
region of southern Yunnan province, China (Fig. 2). Also in mountainous regions 
mostly in Son La province in the north of Vietnam, above about 500 metres elevation, 
in evergreen or partly deciduous forests or woodlands or bamboo thickets on steep 
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slopes of mountain ridges. Substrate varies from red clay soils on limestone to loamy 
soils on metasediments. Probably also in Laos and Myanmar. 

Conservation status: a widespread species, although not occurring in large or dense 
populations. Although its habitat is continually being reduced, many populations 
remain. Ver 3.1:IUCN (2001) status is VU (Donaldson 2003). 

Selected specimens examined: CHINA: Yunnan: Pe-tsen, Cavalerie 7106 , 1913 (K); Mengla 
county, Menglun Nature Reserve, Chen, Hong, Hill & Stevenson (Hong 376-380), 12 Jul 2000 
(YAF, PE); Jinghong county, Xishuangbanna region, Xaio Mung Yang Nature Reserve, Chen, 
Hong, Hill & Stevenson (Hong 395, 396-400), 12 Jul 2000 (YAF, PE); dense forests of Nam Ha 
valley, beyond Muang Hai and Keng HungJ.A Rock 2500, 17 Feb 1922 (K); between Keng Hung 
and Muang Hing, 4000’, Rock 2654, 25 Feb-1 Mar 1922 (E). Cult.: nursery of Nanning Forestry 
Research Centre, Nanning Guangxi, collected from Xishuangbanna region Yunnan, Chen, Zhong 
& Hill 4, 7 Nov 1998 (NSW, PE). VIETNAM: Son La: Yen Chau,Chieng Don, Chieng Dong pass, 
ca 8-900 m alt.. Hill 5061 & Loc, 2 1 Mar 1999 (HN, NSW); Thuan Chau, Chieng Pac, Phang pass 
21 km from Son La, ca 8-900 m alt., Hill 5062 & Loc, 22 Mar 1999 (HN, NSW); Phong Lai, ca 
8-900 m alt., Hill 5063 & Loc, 22 Mar 1999 (HN, NSW); Mai Son, between Hat Lot and Bac Yen, 
400-900 m alt., Yang 777, 778 & Hiep, 5 Apr 1996 (HN). 

Intergrades: C. collina - C. dolichophylla: VIETNAM: Son La: Moc Chau, Chieng 
Hac, Chieng Pan, ca 500 m alt., Hill 5060 & Loc, 21 Mar 1999 (HN, NSW). 

9. Cycas balansae Warb., Monsunia 1: 179 (1900). 

Cycas siamensis subsp. balansae (Warb.) Schuster, Pflanzenr. 99: 81 (1932). 

Type: (lectotype, here designated) Tonkin (Vietnam), Hanoi, Mar 1889, B. Balansa 
4084 (P; isolecto G-DC, G, K). See comment below. 

C. shiwandashanica Hung T.Chang & Y.C.Zhong, Chinese Bull. Bot. 12: 12 (1995). 

Type: Guangxi: Nasuo, Fangchenggang City, in broad-leaved forest, Y.C. Zhong 88015, 
30 Jul 1990 (holo GXF; iso PE, SYS). Included in the synonymy of C. balansae by Chen 
and Stevenson (1999). 

C. palmatifida Hung T. Chang, Y.Yuan Huang 8cY.C.Zhong, Acta Sci. Nat. Univ. 
Sunyatseni 37(4): 7 (1998). 

Type: China, Guangxi, cult. Nanning arboretum, H.X. Zheng &Y.Y. Huang 98002, 19 
Apr 1998 (holo SYS n.v.). Although specimens were not seen, the living plant that the 
specimens were taken from was studied (see below), leading to the placement of this 
taxon in the synonymy of C. balansae. 

C. tonkinensis, in part, sensu De Laubenfels and Adema (1998). 

Literature: Wang (1996, and also as C. shiwandashanica), Chen and Stevenson (1999). 

Illustrations: Cheng et al. (1975, as C. siamensis); Wang (1996, and also as 
C. shiwandashanica). 

Etymology: honouring French naturalist and botanical explorer Benedict Balansa 
(1825-1892), who collected extensively for the Museum of Natural History in Paris, and 
spent the years 1885 to 1892 collecting in Tonkin (North Vietnam), where he died. 

Stems acaulescent, 12-20 cm diam. at narrowest point, 4—9 leaves in crown. Leaves deep 
green, highly glossy to semiglossy, 120-260 cm long, slightly keeled to flat in section 
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(opposing leaflets inserted at 160-180° on rachis), with 90-160 leaflets, with dark 
brown tomenturn shedding as leaf expands or persistent on petiole, rachis consistently 
terminated by paired leaflets; petiole 40-160 cm long (30-40% of total leaf), pubescent 
with dark purple-brown tomenturn, spinescent for 100% of length, basal leaflets not 
gradually reducing to spines, 90-210 mm long; spines 4-10 mm long. Median leaflets 
simple, strongly discolorous, 220-300 mm long, 10-15 mm wide, inserted at 75-85° to 
rachis, decurrent for 5-8 mm, narrowed to 3-4 mm at base (to 25-35% of maximum 
width), 11-21 mm apart on rachis, inserted parallel to rachis, stiff in texture; section 
flat; margins flat or slightly recurved, apex softly acuminate; not spinescent, midrib 
raised above, flat below. Cataphylls narrowly triangular, soft, pilose, 60-70 mm long. 
Pollen cones fusiform, yellow, 20-25 cm long, 4—7 cm diam.; microsporophyll lamina 
soft, not dorsiventrally thickened, 16-30 mm long, 11-14 mm wide, fertile zone 
14—28 mm long, sterile apex 2-4 mm long, level, apical spine absent. Megasporophylls 
8-12 cm long; brown-tomentose; ovules 2-4, glabrous; lamina ovate, 40-60 mm long, 
30-55 mm wide, deeply pectinate, with 14-24 soft spines 25—40 mm long, 2-3 mm 
wide, apical spine not distinct from lateral spines. Seeds ovoid, 25-27 mm long, 20 mm 
wide, sarcotesta yellow, not pruinose, 2 mm thick; fibrous layer absent; sclerotesta 
lightly verrucose; spongy endocarp absent. 

Typification: described by German botanist Otto Warburg in 1900. A single collection 
was cited as ‘Im Herbarium Barbey finde ich von Balansa sub Nr. 4084 gesammelte 6 
Zapfen aus Tongking, nahe Hanoi aus einem Tempelhof stammend...’ Warburg types 
were mostly held by B, and Schuster (1932) cited a specimen probably from B which 
would probably have been the type: ‘Tongking: Village du papier bei Hanoi, im Hof einer 
Pagode (B. Balansa IV. 1889, n. 4084). ’ This specimen was evidently destroyed in WW2. 
The specimens in G, K and P were not annotated by Warburg or Schuster, and may not 
have been seen by either. Most of these specimens are of microsporangiate cone material 
only, although the material held in P comprises two sheets, one microsporangiate cone 
portion and one leaf portion. The microsporangiate cone sheet is annotated ‘B. Balansa 
- PI. du Tonkin - 1885-1889/Nr. 4084/Dioique. Frondes de deux metres de hauteur/ 
Tongking: Village du papier pres de Hanoi, dans la/cour d’une pagode/Avril 1889’ 
[Dioecious. Fronds 2 m high. Paper village near Hanoi, in the garden of a pagoda]. The 
two sheets held in P are here designated the lectotype. 

Distinguishing features: this species is one of the complex of closely related mostly 
acaulescent taxa that is distributed through southern China, northern Vietnam, Laos, 
and northern Thailand (Section Stangerioides). It is distinguished by the few long leaves 
with long petioles bearing long slender spines and a deep purple-brown tomenturn 
that is often persistent. Microsporangiate cones are intermediate in size with rounded 
microsporophylls which lack any apiculus. Megasporophylls are reduced, with a few, 
long and slender divisions on the lamina. Seeds are small. 

Distribution and habitat: locally frequent although not in dense stands, in more 
sheltered sites in deep shade in tall closed evergreen forests, in the Shiwandashan 
(mountains) in coastal south-eastern Guangxi province of China, and extending into the 
region north-west and north-east of Hanoi in Vietnam (Fig. 2). On loamy soils over 
schists or granites. 

Conservation status: Ver 3.1:IUCN (2001) status is NT (Donaldson 2003). 
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Selected specimens examined: CHINA: Guangxi: Cult, grounds of Nanning Forestry Research 
Centre, Nanning (Type plant of Cycas palmatifida), collected from Fangcheng County, Chen, 
Zhang & Hill 01 ,7 Nov 1998 (NSW, PE); cultivated in Ping Mu village, Na Suo town, Fangcheng 
county, Guangxi province, collected front Fang Chen Shang Yue reserve, Chen, Zliong & Hill 28, 
19 Nov 1998 (NSW, PE). VIETNAM: Hai Phong: jardins a Hai Phong, 1885, Balansa 563 (P). 
Ha Nam: Ke So, forte ex montibus Kien Khe, 25 May 1889, Bon 4146 (P). Lang Son: Dinh Lap, 
Dinh Lap townlet (21°32'25"N 107°06'32"E), 12 Mar 1999, Hill 5026, hoc & Dzu (HN, NSW); 
Dinh Lap, Bac Lang, Ban Ha, 27 Mar 1996, Yang & Hiep 763 (HN); Phu Son, Bac Son, Na Danh, 
27 Mar 1996, Yang&Hiep 765 (HN). QuangNinh: Hoanh Bo, Tan Dan, Hang Tran (21°08'17"N 
106°52'50"E), 11 Mar 1999, Hill 5022, 5023, hoc & Dzu (HN, NSW); Tien Yen, Dien Xa, Na Tru 
(21°22'47”N 107°17'32"E), 12 Mar 1999, Hill 5025, Loc & Dzu (HN, NSW); Cam Pha, 26 Mar 
1996, Yang & Hiep 758 (HN); Quang Nghia, Quang Ha, 27 Mar 1996, Yang & Hiep 761 (HN); 
Hai Lang, Tien Yen, 25 Mar 1996, Yang & Hiep 767 (HN). Thai Nguyen: Dai Tu, Ky Phu, Xom 
Gio, 19 Jan 2000, Hiep 4117 & Hill (HN, NSW). Tuyen Quang: Son Duong, Son Nam, cult, in 
restaurant, coll from NW side of Tam Dao range, Tam Dao, Dai Dinh, Den Thong, 17 Mar 1999, 
Hill 5048 & Loc (HN, NSW). 

10. Cycas tanqingii D.Y.Yang, Cycads China: 134 (1996). 

Type: China, Yunnan, Luchun County, D. Y. Wang 5538 (holo SZG; iso NF n.v.). 
Illustrations: Wang (1996). 

Etymology: honouring Tan-Qing, director of the Shenzhen Fairy Lake Botanic Garden 
at the time this species was described. 

Stems arborescent or acaulescent, to 2 m tall, 25-30 cm diam. at narrowest point, 4-7 
leaves in crown. Leaves deep green, highly glossy, 190-360 cm long, flat (not keeled) in 
section (opposing leaflets inserted at 170-180° on rachis), with 100-160 leaflets, with 
orange tomentum shedding as leaf expands; rachis consistently terminated by paired 
leaflets; petiole 70-190 cm long (40-50% of total leaf), petiole glabrous, spinescent 
for 90—100% of length; basal leaflets not gradually reducing to spines; spines 1—4 mm 
long. Median leaflets simple, strongly discolorous, 300-450 mm long, 15-22 mm wide, 
inserted at 65-85° to rachis, decurrent for 2-3 mm, narrowed to 5-6 mm at base (to 
20-30% of maximum width) 15-27 mm apart on rachis, (inserted parallel to rachis); 
section flat; margins slightly recurved; apex aristate, not spinescent; midrib raised 
above, raised below. Cataphylls narrowly triangular, soft, pilose to densely floccose, 
50-80 mm long. Pollen cones fusiform, yellow to orange, to 40 cm long, 5-8 cm diam.; 
microsporophyll lamina soft, not dorsiven(rally thickened, 25-30 mm long, 10-13 mm 
wide, fertile zone 22-28 mm long, sterile apex 2-3 mm long, level to raised; apical 
spine slender, appressed, sharply upturned, 1.5-2 mm long. Megasporophylls 10-12 cm 
long, brown-tomentose; ovules 2, glabrous; lamina orbicular, 50-55 mm long, 50-65 
mm wide, deeply pectinate, with 6-9 soft spines 15-40 mm long, 1-3 mm wide, apical 
spine not distinct from lateral spines, 20-45 mm long, 7-30 mm wide at base. Seeds 
subglobose to ovoid, 35-40 mm long, 30-35 mm wide; sarcotesta yellow, not pruinose, 
2 mm thick; fibrous layer absent; sclerotesta verrucose; spongy endocarp absent. 

Distinguishing features: the robust habit with large leaves and long petioles, large 
microsporangiate cones and seeds distinguish this species within Section Stangerioides. 
C. tanqingii differs from C. dolichophylla in the longer and more widely spaced leaflets 
that are not broad-based and rounded at the base, and the longer petioles, although 
it may be more closely allied to C. chevalieri from Laos and Vietnam, differing in the 
overall larger stature. 
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Distribution and habitat: remote and mountainous country in south-eastern Yunnan 
Province, China (Fig. 2), possibly also across the border in Vietnam, in closed evergreen 
forest. 

Conservation: Ver 3.1:IUCN (2001) status is NT (Donaldson 2003). 

Selected specimens examined: CHINA: Yunnan: Luchun county, Erpu, along Xiaohejiang River 
(and Heishuhe River), Chen, Hong, Chu, Hill & Stevenson 13-15 (355-357), 9 Jul 2000 (PF., YAF, 
1BSC, NSW, NY). VIETNAM: Lai Chau: reported by forestry workers from Luchun County, 
China, to occur on Vietnamese side of the Hejiang [ river], no voucher. 

11. Cycas szechuanensis Cheng & L.K.Fu, Acta Phytotax. Sin. 13(4): 81, T. 1, Fig. 7-8 
(1975). 

Type: China, cultivated in Fuhu temple, Mt Emei, Sichuan, J.H. Zhiong et al. 33221 
(holo PE; iso FIWA, IBSC, SZG, IBK) [citation is in Chinese]. 

Stems arborescent, to 2 m tall, 15-33 cm diam. at narrowest point; 6-40 leaves in crown. 
Leaves deep green, highly glossy, 120-380 cm long, slightly keeled to flat (not keeled) 
in section (opposing leaflets inserted at 160-180° on rachis), with 90-220 leaflets, with 
dark brown tomentum shedding as leaf expands; rachis consistently terminated by 
paired leaflets or a spine 8-25 mm long; petiole 50-130 cm long (25-40% of total 
leaf), petiole glabrous, spinescent for 95—100% of length; basal leaflets not gradually 
reducing to spines, 90-260 mm long; spines 1-3 mm long. Median leaflets simple, 
strongly discolorous, 230-440 mm long, 14—21 mm wide, inserted at 70-85° to rachis, 
decurrent for 4-7 mm, narrowed to 3.5-7 mm at base (to 20-50% of maximum width), 
10-24 mm apart on rachis, twisted (insertion not parallel to rachis); section flat; 
margins flat; apex acute, not spinescent; midrib raised above, flat below to raised below 
(slightly). Cataphylls narrowly triangular, soft, pilose, 50-60 mm long. Pollen cones not 
seen. Megasporophylls 16-24 cm long, brown-tomentose; ovules 4-8, glabrous; lamina 
orbicular, 70-100 mm long, 60-110 mm wide, deeply pectinate, with 28-42 soft lateral 
spines 30-50 mm long, 2-4 mm wide, apical spine not distinct from lateral spines or 
distinct from lateral spines, 12—40 mm long, 2—8 mm wide at base. Seeds ovoid, to 45 
mm long, to 35 mm wide; fibrous layer absent; sclerotesta verrucose; spongy endocarp 
absent. 

Distinguishing features: C. szechuanensis is allied to C. taiwaniana, differing in the 
orbicular megasporophyll lamina that lacks a broad apical spine (2-8 mm wide in 
subsp. fairylakea, 7-30 mm wide in C. taiwaniana ) and the larger seeds. 

Two subspecies are recognised. 

Key to the subspecies 


Cataphylls less than 70 mm long, pilose. subsp. szechuanensis 

Cataphylls more than 70 mm long, thinly sericeous. subsp. fairylakea 


11 A. Cycas szechuanensis subsp. szechuanensis 

Etymology: from Szechuan (Sichuan) province, with the Latin termination -ensis, 
place of origin, in the mistaken assumption that this species was native to the region 
from which the cultivated type specimen was collected. 
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Stems arborescent, to 2 m tall, 15—25 cm diam. at narrowest point; 6—20 leaves in crown. 
Leaves deep green, highly glossy, 120-380 cm long, slightly keeled to flat (not keeled) in 
section (opposing leaflets inserted at 160-180° on rachis),with 90-220 leaflets, with dark 
brown tomentum shedding as leaf expands; rachis consistently terminated by paired 
leaflets; petiole 50-130 cm long (30-40% of total leaf), petiole glabrous, spinescent for 
95-100% of length; basal leaflets not gradually reducing to spines, 90-260 mm long, 
spines 1—3 mm long. Median leaflets simple, strongly discolorous, 230-440 mm long, 
14-21 mm wide, inserted at 80° to rachis, decurrent for 5-7 mm, narrowed to 3.5-4 mm 
at base (to 20-25% of maximum width), 10-24 mm apart on rachis, twisted (insertion 
not parallel to rachis); section flat; margins flat; apex acute, not spinescent; midrib 
raised above, flat below to raised below (slightly). Cataphylls narrowly triangular, soft, 
pilose, 50-60 mm long. Pollen cones not seen . Megasporophylls 16-24 cm long, brown- 
tomentose; ovules 4-8, glabrous; lamina orbicular, 70-100 mm long, 70-110 mm wide, 
deeply pectinate, with 28-34 soft lateral spines 30-50 mm long, 2-4 mm wide, apical 
spine not distinct from lateral spines. Seeds ovoid, to 45 mm long, 35 mm wide; fibrous 
layer absent; sclerotesta verrucose; spongy endocarp absent. 

Historical notes: described in 1975 by Chinese botanists Cheng and Fu. This subspecies 
was rediscovered in the wild only in 1999, in eastern Fujian Province. Before this, it had 
been presumed extinct, or at one time regarded as conspecific with C. guizhouensis 
(Chen & Stevenson 1999). 

Distribution and habitat: known only from eastern Fujian Province (Fig. 3). This 
subspecies grows in moist closed forests or woodlands. 

Conservation status: this species is listed by the 1997 IUCN Red List of Threatened 
Plants (Walter 8c Gillett 1998; as C. guizhouensis) as category Ex. It has since been 
rediscovered in the wild, although known populations are severely degraded, and the 
overall reduction in recent years indicates that this species should probably be regarded 
as critically endangered. Ver 3.1:1UCN (2001) status is CR (Donaldson 2003). 

Selected specimens examined: CHINA: Fujian: Yuing Tai County, Chin Yung town, Gu An 
village, cult., collected in district, Chen 99008 , 26 Oct 199 (PE); Sha Ming County, Chon Da 
town, 500 m E of town, wild in hills, Chen 99001, 23 Oct 1999 (PE). Cult.: cultivated Guilin 
Institute of Botany, plants obtained from Guangdong many years ago, Chen, Zhong & Hill 44, 28 
Nov 1998 (NSW, HN, K, NY, PE). 

11B. Cycas szechuanensis subsp . fairylakea, (D.Yue Wang) N.Liu, Proc. Sixth Int. 
Conf. Cycad Biol.: 2 (2004). 

Cycas fairylakea D.Yue Wang, Cycads China: 54 (1996). 

Type: China, Guangdong, cultivated in South China Botanical Garden, D.Y. Wang & H. 
Peng 2978, 16 May 1994 (holo SZG; iso IBSC n.v., NF n.v.). 

Literature: Wang (1996). 

Etymology: from the Shenzhen Fairy Lake Botanic Garden, from which the cultivated 
type specimen was collected. 

Stems arborescent, to 0.5-1.8 m tall, 22-33 cm diam. at narrowest point. 20-40 leaves 
in crown. Leaves deep green, highly glossy, 210-270 cm long, slightly keeled or flat (not 
keeled) in section (opposing leaflets inserted at 170-180 degrees on rachis), with 126— 
162 leaflets; rachis frequently terminated by a spine 8-25 mm long; petiole 49-80 cm 


96 


Telopea 12(1): 2008 


Hill 


long (20-35 % of total leaf), glabrous, spinescent for 90-100 % of length; basal leaflets 
not gradually reducing to spines, spines 1-3 mm long. Median leaflets simple, 305-360 
mm long, 12-19 mm wide, inserted at 70-85 degrees to rachis, decurrent for 4-6 mm, 
narrowed to 5-7 mm at base (to 30-50 % of maximum width), 20-22 mm apart on 
rachis, twisted (insertion not parallel to rachis); section flat; margins flat; apex acute, 
not spinescent; midrib raised above, flat below. Cataphylls linear, soft, thinly sericeous 
or lacking tomentum, 80-100 mm long. Pollen cones not seen. Megasporophylls 18-20 
cm long, brown-tomentose; ovules 4-6, glabrous; lamina orbicular, 80-90 mm long, 
60-70 mm wide, deeply pectinate, with 32-42 soft lateral spines 38-42 mm long, 2-3 
mm wide; apical spine usually distinct from lateral spines, 12-40 mm long, 2-8 mm 
wide at base. Seeds not seen. 

Historical notes: described at specific rank in 1996 by Chinese botanist D.Y. Yang. 
This subspecies was rediscovered in the wild only in 2000, near Shenzhen in eastern 
Guangdong Province. Before this, it had been regarded as conspecific with C. taiwaniana 
(Chen & Stevenson 1999). 

Distinguishing features: subspecies fairylakea differs from the type subspecies in the 
presence of a distinctly extended though narrow apical spine on the megasporophyll 
and the longer, less pilose cataphylls. 

Distribution and habitat: known only from eastern Guangdong Province. This 
subspecies grows in moist closed forests (Fig. 3). 

Conservation status: although this subspecies has been rediscovered in the wild, 
known populations are severely degraded, and the overall reduction in recent years 
indicates that this subspecies should be regarded as threatened. Ver 3.1:IUCN (2001) 
status is CR (Donaldson 2003). 

Selected specimens examined: CHINA: Guangdong: cult. Fairy Lake Botanical Garden, coll, 
from Fairy Lake 20 years ago, Chen 2001-51 , 13 Jun 2001 (PE, NSW); Shenzhen, Tanglangshan, 
Changyuancun village, Chen, Hill, Li, Wang, Zhang & Liu TL 001, 002, 003, 004, 005, 006, 12 Jun 
2001 (PE, NSW, SZG); Liu, Jinn, Ma & Wit 200152904, 29 May 2001 (PE, NSW, SZG n.v.). 

12. Cycas taiwaniana Carruth., J. Bot. 31: 1-3, Plate 331 (1893). 

Type: Taiwan, Aug 1867, Swinhoe s.n. (holo BM; iso K). 

Literature: Wang (1996). 

Illustrations: Carruthers (1893). 

Etymology: from Taiwan, from where this species was (erroneously) thought to have 
originated. 

Vernacular: Chinese - Feng Wei Cao (phoenix tail grass) or Feng Wei Jiao (phoenix 
tail palm ).hai-tie-ou, Guangdong su-tie, Taiwan su-tie (Walters &Yang 1994, Bonta 8c 
Osborne 2007). 

Stems arborescent or acaulescent, to 3.5 m tall, 15-30 cm diam. at narrowest point; 
12-30 leaves in crown. Leaves deep green, highly glossy, 150-300 cm long, slightly 
keeled or flat (not keeled) in section (opposing leaflets inserted at 160-180° on rachis), 
with 140-300 leaflets, with orange or brown tomentum shedding as leaf expands; 
rachis consistently terminated by paired leaflets; petiole 40-150 cm long (30-60% of 
total leaf), petiole glabrous, spinescent for 100% of length; basal leaflets not gradually 
reducing to spines c. 25 mm long; spines 1-4 mm long. Median leaflets simple, strongly 
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discolorous, 180-440 mm long, 9-16 mm wide, inserted at 45-85° to rachis, decurrent 
for 5-6 mm, narrowed to 3-5 mm at base (to 25—30% of maximum width), 10-24 mm 
apart on rachis, twisted (insertion not parallel to rachis); section flat; margins slightly 
recurved; apex aristate, spinescent; midrib raised above, flat below. Cataphylls narrowly 
triangular, pungent, pilose to densely floccose, 85-130 mm long. Pollen cones narrowly 
ovoid to fusiform, yellow, 30-45 cm long, 8-10 cm diam.; microsporophyll lamina 
soft, not dorsiventrally thickened, 20-30 mm long, 5-15 mm wide, apex level, apical 
spine absent. Megasporophylls 15-22 cm long, brown-tomentose; ovules 2-6, glabrous; 
lamina orbicular, 70-120 mm long, 55-70 mm wide, deeply pectinate, with 24—52 soft 
lateral spines 20-42 mm long, 1-2 mm wide, apical spine distinct or not distinct from 
lateral spines, 20-45 mm long, 7-30 mm wide at base. Seeds subglobose to ovoid, 28-36 
mm long, 20-30 mm wide; sarcotesta yellow, not pruinose, 2 mm thick; fibrous layer 
absent; sclerotesta verrucose; spongy endocarp absent. 

Historical notes: C. taiwaniana was described in 1893 by English botanist and 
palaeontologist William Carruthers (1830-1922). The species was based on specimens 
he discovered in the herbarium of Henry F. Hance (a British consular officer in China 
from 1844 to 1886), which had since been acquired by the British Museum. These 
were collected by Robert Swinhoe, another British consular officer, who had also sent 
specimens to ).D. Hooker at Kew. The first of the latter was a single megasporophyll 
sent from the British Consulate at Amoy [Xiamen], where Swinhoe was the British 



Fig. 3. Distribution of C. changjiangetisis, C. hainanensis, C. shanyaettsis, C. szechuanensis and 
C. taiwaniana. 
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representative, on 21 Aug 1867. This specimen was accompanied by a letter to Hooker 
in which Swinhoe wrote ‘Among the [silkworm] cocoons now sent you will find two 
specimens of an extraordinary leaf. I have worked at it in vain to make out its relations. 
It looks like a botanical caricature of a Pelican. The Chinese call it Hai-te-koe or sea- 
iron fowl (sea-iron is the name given to the coral submarine trees), and use it to flavour 
tea. They tell me it is found in fresh-water wells, but it is so rare here that I have not 
been able to ascertain how it grows, and whether the leaf constitutes the entire plant 
Swinhoe later the same year acquired more complete material, and sent additional 
specimens to both Hance and Hooker. 

Carruthers in the protologue stated ‘No more definite information is contained on the 
label than that the specimens were collected on the island of Formosa by Mr. Swinhoe, 
and sent to Dr. Hance in the autumn of 1867, from whose herbarium, as I have said, 
came the specimen in the British Museum on which the species is founded.’ This 
statement is based on the annotation on the sheet, stating ‘ Cycas , L ./ circinalis L./ Ex 
insula Formosa,/ autumn 1867 misit/ cl. Swinhoe.’ This annotation is not in Swinhoe’s 
hand, and may have been made by Hance. There is no indication from Swinhoe of 
exactly where the specimens were collected. 

Thiselton-Dyer (1902) addressed the problem of the origin of these specimens, and 
cited correspondence from British representatives in China to Kew. He stated that ‘Mr. 
G. Phillips, H.B.M. consul at Takow [?] and later Swatow [Shantou] took much trouble 
to find Swinhoe’s plant. He eventually discovered it in 1883 “on the hills 60 miles from 
Swatow” and sent specimens to Kew.’ Phillips also wrote to Kew stating that he had 
never seen the plant in Taiwan, and that it was much sought after as a garden plant on 
the mainland. Thiselton-Dyer also cited specimens collected in the Lofu-Shan by Ford 
as this species, but did not recognize a distinction between the mainland and Taiwanese 
plants. 

More recent Chinese accounts (Cheng et al. 1975, Cheng & Fu 1978) correctly apply the 
name C. taiwatiiana to the mainland plants, but do not recognise the distinctive nature 
of the Taiwan plants (see C. taitungensis). 

Distinguishing features: Cycas taiwatiiana is placed with the wider group of Chinese 
species (Section Stangerioides) by the soft microsporangiate cones, the loose, freely 
peeling sarcotesta lacking a fibrous layer and the verrucose sclerotesta. Within this 
group, it is distinguished by the more robust stature with distinct development of an 
aerial trunk and a large crown of leaves, and small seeds. Megasporophylls usually have 
a distinct apex and are larger but extremely variable in outline, as with many of the 
species in this section. Leaflets are moderately narrow but again highly variable, and 
distinctly twisted on the rachis. 

Distribution and habitat: widespread but sporadic, in Fujian, Guangdong, Guangxi, 
Guizhou and Flunan Provinces, China (Fig. 3). This species has long been cultivated 
in Guangdong and Fukien Provinces. Most collections, if not all, are from cultivated 
plants, and C. taiwantana is now extremely rare in the wild. Reports of C. taiwatiiana 
from Taiwan are the result of the misapplication of this name to the Taiwan cycad 
(C. taitungensis). 

Conservation status: although originally widespread, this species has been severely 
depleted by collection from the wild and by habitat destruction over the centuries. 
Surviving populations are fragmentary and in remote sites and although probably 
reasonably secure by virtue of inaccessibility, must still be regarded as under threat. 
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This species is listed by the 1997 IUCN Red List of Threatened Plants as category V, 
but distribution is recorded in this listing as Hainan Island and Taiwan, which is clearly 
incorrect. Ver 3.1:IUCN (2001) status is EN (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: cultivated, He Xian Institute of Forestry, 
collected from near Guangdong border to east, from “soil mountain” in grass, Chen, Zhong & 
Hill 38, 25 Nov 1998 (NSW, NY, PE); cultivated Da Ning town, in schoolyard, collected from 
wild near Sang Ho village ca 10 km (3 hours walk) to east, growing naturally in semishade along 
stream, Chen, Zhong & Hill 42, 26 Nov 1998 (NSW, PE); cultivated, Ling Chuan city, N of Guilin, 
Guangxi, Plants collected from wild near Gui Bei, 150 km N of Guilin, growing along stream 
in semishade, red soil mountain, not limestone (probably sandstone), plants also across border 
in Hunan province, Chen, Zhong & Hill 45, 29 Nov 1998 (NSW, PE). Guangdong: Chin long 
village, San Sue town, in Li An Shan (mountains), probably cultivated, but said to occur naturally 
nearby, Chen, Zhong dr Hill 41, 26 Nov 1998 (NSW, FTG, HN, K, KL, L, MO, NY, P, PE); Gaoyao 
County, Shi 12204 (IBSC); Pingyuan County, Deng 68300 (IBSC), Deng 4410 (IBSC); Ruyuan 
County, Tan 32 (IBSC), Tan dr Huang 321 (IBSC); Wengyuan County, Lau 2653 (IBSC), Lau 
24847 (IBSC); Dinghu Shan, Zhaoqing County, Xie & Li 00156 (IBSC). Cult.: Fujian, Xiamen, 
Lin 2916 (IBSC); Guangdong, Chen 88377 (PE); cultivated, Fen An Shi temple, Pu Meng town, 
Chen, Zhong & Hill 39, 25 Nov 1998 (NSW, PE); cultivated, near small market in He Xian city, 
Chen, Zhong & Hill 40, 26 Nov 1998 (NSW, FTC., HN, K, L, MO, NY, PE) 

13. Cycas hainanensis C.J.Chen, Acta Phytotax. Sin. 13(4): 82, T. 2, Fig. 5-6 (1975). 

Type: Hainan: Luilianling, Wangning County, 16 Oct 1961, Y. Zhong4706 (holo PE; iso 
IBSC n.v.). 

Cycas lingshuiensis G.A.Fu, Bull. Bot. Res. 24(4): 387-388 (2004), as ‘ lingshuigensis ’. 

Type: Hainan: Lingshui, hill mixed forest, alt 500-600m, 26 Dec 2002, G.A. Fu 10809 
(holo HFB n.v.). Placed in the synonymy of C. hainanensis following discussions with 
Chinese botanists (pers. comm.). 

Literature: Wang (1996, as C. taiwaniana in part and also as C. fairylakea in part). 

Illustrations: Cheng el al. (1975), Wang (1996, as C. taiwaniana in part), Fu (2004, as 
C. lingshuigensis). 

Etymology: from its natural occurrence in the island province of Hainan, with the 
Latin termination -ensis, place of origin. 

(C. lingshuiensis from Lingshui town in southern Hainan province, with the Latin 
termination -ensis, place of origin. Originally published as Cycas lingshuigensis where 
the specific epithet has been formed incorrectly by the introduction of a superfluous 

letter g’) 

Vernacular: Chinese - ci-bing su-tie (spiny petioled cycad), feng-huang-dan (phoenix 
egg), Hainan su-tie (Chen et al. 1995, Walters & Yang 1994, Bonta & Osborne 2007). 

Steins arborescent, to 0.3-1.5(-3.5) m tall, 30 cm diam. at narrowest point; 50-80 
leaves in crown. Leaves bright green, highly glossy, 70-230 cm long, moderately keeled 
(opposing leaflets inserted at 120—160° on rachis), with 100-280 leaflets, with orange 
tomentum shedding as leaf expands; rachis usually terminated by paired leaflets; 
petiole 20-70 cm long (20-30% of total leaf), petiole glabrous, spinescent for 100% 
of length; basal leaflets not gradually reducing to spines, 140 mm long; spines 1-4 mm 
long. Median leaflets simple, strongly discolorous, 150-300 mm long, 6-10 mm wide, 
inserted at 40-70° to rachis, decurrent for 2-7 mm, narrowed to 2.5-3 mm at base 
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(to 30-45% of maximum width), 8-15 mm apart on rachis; section slightly keeled; 
margins slightly recurved; apex acute, spinescent, twisted (insertion not parallel to 
rachis); midrib raised above, raised below (less prominently). Cataphylls narrowly 
triangular, soft, pilose, 50-90 mm long. Pollen cones fusiform, green or cream, c. 40 
cm long, 8 cm wide; microsporophyll lamina soft, not dorsiventrally thickened, 38-44 
mm long, 19-25 mm wide, fertile zone 30-35 mm long, sterile apex 4-6 mm long, 
apical spine absent. Megasporophylls 16-17 cm long, brown-tomentose; ovules 2-4, 
glabrous; lamina orbicular, 70-110 mm long, 40-60 mm wide, deeply pectinate, with 
15-32 soft lateral spines 25-32 mm long, 2 mm wide, apical spine distinct from lateral 
spines, 20-30 mm long, 10-25 mm wide at base. Seeds subglobose to ovoid, 35-40 mm 
long, 30-35 mm wide; sarcotesta yellow, not pruinose, 2 mm thick; fibrous layer absent; 
sclerotesta verrucose; spongy endocarp absent. 

Historical notes: described in 1975 by Chinese botanist C.J. Chen, from material 
collected by Y. Zhong Wangning County in 1961. This species was initially contrasted 
with C. rumphii, although we now know that its affinities are quite removed from 
the latter. Chinese flora accounts recorded this species from only Hainan, although 
later accounts (Zhou et al. 1990) noted that it was cultivated in Fujian, Guangdong 
and Sichuan. More recently, a proposal was made that at least the Guangdong plants 
were taxonomically distinct (Deng, cited by Walters et al. 1995). We now know that 
the Mainland plants are distinct, and that the type of C. taiwaniann belongs here (see 
discussion under that species). 

Distinguishing features: C. hainanensis is very close to C. taixvaniana , differing in 
the more keeled leaves with narrower and more crowded leaflets, and the smaller 
megasporophyll lamina with fewer but longer lateral spines and an often greatly 
expanded apical spine. Seeds are also distinctly larger. 

Distribution and habitat: known only from the wetter eastern parts of Hainan Island 
(Fig. 3). Wild populations are now very restricted, and this species survives mainly in 
cultivation. Plants occur from sea level to about 1200 m. elevation, on soils on limestone 
and volcanic substrates. Climate here is subtropical, and rainfall high (c. 2000 mm 
annually), and the usual habitat is rainforest. 

Conservation status: Ver 3.1 :IUCN (2001) status is EN (Donaldson 2003). 

Selected specimens examined: CHINA: Hainan: Luilianling, Wangning County, Tang 92586 
(PE); southern Wanning County, Yang NSW27121 1 , 30 Oct 1992 (NSW); Qiongdong County, 
Liang 68119 (IBSC n.v.); Baoting County, Liang 68300 (1BSC n.v.); Mt Diaolou, Lingshui 
County, Hainan Expedition , 1959 (PE); Bawangling, Changjiang County, Chen 92606 (PE). 
Cult.: cultivated at Pingxian Istitute of Forestry, Guangxi, C.J. Chen, Y.C. Zhong & K.D. Hill 36, 
37, 22 Nov 1998 (NSW, FTG, NY, PE); Haiku Peoples Park, Haiku, Hainan, Chun 17629 (IBSC 
n.v., PE). 

14. Cycas shanyaensis G.A. Fu, Bull. Bot. Res. 26(1): 2-3, Fig. 1 (2006) as 
‘ shanyagensis’. 

Type: China, Hainan, Sanya city, 15 Sep 2003, G.A. Fu 11022 (holo HFB n.v.). 

Etymology: from Shanya city/district in southern Hainan province, with the Latin 
termination -ensis, place of origin. Originally published as Cycas shanyagensis where the 
specific epithet has been formed incorrectly by the introduction of a superfluous letter 
‘g’ Al so the use of‘shan’ (meaning mountain) is not correct when the Chinese character 
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used ( cr. ) means three and therefore should be ‘san’. However, the apparently mistaken 
usage has been used consistently throughout the paper and is maintained here. 

Stems arborescent, to 2.1—3.1 m tall, 20-25 cm diam. at narrowest point. Leaves 
140-160 cm long, with 130-144 leaflets. Petiole 33 cm long (21-23% of total leaf), 
glabrous, spinescent for 76-82% of length, spines 2-3 mm long. Median leaflets 
simple, 115-240 mm long, 7-9 mm wide, slightly decurrent margins flat or slightly 
revolute. Pollen cones dark velvety brown conical-cylindric, c. 22 cm long, 3-8 cm wide; 
microsporophyll lamina, 15-22 mm long, 10-15 mm wide, apical spine mucronate. 
Megasporophylls 11.5-15 cm long, yellow-brown tomentose; ovules 4, glabrous; lamina 
obovate or flabelliform, 75 mm long, 75-90 mm wide, deeply pectinate, with 15-17 soft 
lateral spines 15-25 mm long, apical spine, 25-35 mm long to 4 mm wide, with 4-6 
lateral spines 5-7 mm long. 

Description based entirely on Fu (2006); no specimens have been sighted by Hill. 

Historical notes: described in 2006 by Chinese botanist G.A. Fu. 

Distinguishing features: C. shanyaensis is allied to C. hainanensis, differing in the 
presence of a toothed terminal spine on the megasporophyll and narrower apical spine 
on megasporophyll lamina.This taxon is accepted here on the basis of the protologue 
but requires further field study. 

Distribution and habitat: known only from southern Hainan Island (Fig. 3). This 
species grows in mountain mixed forest 700 - 800 m alt. 

Conservation status: recommended Ver 3.1:IUCN(2001) status would beNE. 

Selected specimens (cited by G.A. Fu): CHINA: Hainan: Shan-Ya city, Baolong shan 
mountain mixed forest, 700-800 m alt., G.A. Fu 11166, 11173,7 May 2004 (HFB n.v.) 

15. Cycas changjiangensis N.Liu, Acta Phytotax. Sin. 36: 552 (1998). 

Cycas hainanensis subsp. changjiangensis (N.Liu) N.Liu, Proc. Sixth Int. Conf. Cycad 
Biol.: 3 (2004). 

Type: China, Hainan, Changjiang, 10 Jun 1997, N. Liu 97002 (holo IBSC n.v.). 

Etymology: from Changjiang county in western Hainan province, with the Latin 
termination -ensis, place of origin. 

Stems acaulescent, to 20 cm diam. at narrowest point; 30-60 leaves in crown. Leaves 
bright green, highly glossy, 70-230 cm long, moderately keeled (opposing leaflets 
inserted at 120-160° on rachis), with 80—220 leaflets, with orange tomentum shedding 
as leaf expands; rachis usually terminated by paired leaflets; petiole 20-70 cm long (20— 
30% of total leaf), petiole glabrous, spinescent for 70-100% of length; basal leaflets 
not gradually reducing to spines, 70-140 mm long; spines 1-4 mm long. Median 
leaflets simple, strongly discolorous, 150-300 mm long, 6-10 mm wide, inserted at 
40-70° to rachis, decurrent for 2-7 mm, narrowed to 2.5-3 mm at base (to 30-45% 
of maximum width), S—15 mm apart on rachis, twisted (insertion not parallel to 
rachis); median leaflets section slightly keeled; margins slightly recurved; apex acute, 
spinescent; midrib raised above, raised below (less prominently). Cataphylls narrowly 
triangular, soft, pilose, 50-90 mm long. Pollen cones broadly fusiform, yellow-brown, 
15-23 cm long, 4-6 cm diam.; microsporophyll lamina soft, not dorsiventrally thickened, 
15-20 mm long, 5-9 mm wide,, apical spine rudimentary (measurements taken from 
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Liu 1998). Megasporophylls 16-17 cm long, brown-tomentose; ovules 2-4, glabrous; 
lamina orbicular, 70-110 mm long, 40-60 mm wide, deeply pectinate, with 15-32 soft 
lateral spines 25-32 mm long, 2 mm wide, apical spine distinct from lateral spines, 20- 
30 mm long, 10-25 mm wide at base. Seeds subglobose to ovoid, 35-40 mm long, 30- 
35 mm wide; sarcotesta yellow, not pruinose, 2 mm thick; fibrous layer absent; sclerotesta 
verrucose; spongy endocarp absent. 

Historical notes: described in 1998 by Chinese botanist N. Liu. 

Distinguishing features: C. changjiangetisis is allied to C. hainanensis, differing in the 
dwarf, largely subterranean habit and the smaller megasporophyll lamina and smaller 
seeds. 

Distribution and habitat: known only from western Hainan Island (Fig. 3). This 
species grows in seasonally dry woodlands on deeper sandy soils on flatter country. 

Conservation status: some quite large populations still exist in the wild, the natural 
habitat not being good agricultural land. Other populations are severely degraded, and 
the overall reduction in recent years indicates that this species should be regarded as 
threatened. IUCN status Ver 3.1:IUCN (2001) status is EN (Donaldson 2003). 

Selected specimens examined: CHINA: Hainan: Bawangling, Changjiang County, 
Chen 92606 (PE). Cult.: Nong Nooch Tropical Garden, Thailand (no voucher); Botanic 
Gardens, Sydney, Australia , seed from Liu 1996, s.n, coll, from Changjiang County, 
Hainan Isl. (NSW). 

16. Cycas bifida (Dyer) K.D.Hill, Bot. Rev. 70(2): 161 (2004). 

C. rumphii var. bifida Dyer, J. Linn. Soc., Bot. 26: 560 (1902). 

Type: China, Guangxi, Lighthouse pagoda rockhills, Lungchow [Longzhou], Morse 
273, Dec 1896 (holo K, 2 sheets). 

Literature: Cheng et al. (1975, as C. micholitzii ), Chen and Stevenson (1999, as 
C. micholitzii). 

Illustrations: Wang (1996, as C. micholitzii). 

Etymology: from the Latin bi- two and -fidus divided, referring to the dichotomously 
divided leaflets. 

Vernacular: Chinese - long-kou su-tie, cha-ye sn-tie (fork leafed cycad) (Walters & Yang 
1994, Chen et al. 1995, Bonta & Osborne 2007). 

Stems acaulescent, 10-30 cm diarn. at narrowest point, 2-5 leaves in crown. Leaves 
bright green, semiglossy, 200-500 cm long, slightly keeled to flat in section (opposing 
leaflets inserted at 120-180° on rachis), with 40-80 leaflets, with white and orange 
tomentum shedding as leaf expands; rachis usually terminated by paired leaflets; 
petiole 110-160 cm long (35-50% of total leaf), glabrous, spinescent for 90-100% of 
length; basal leaflets not gradually reducing to spines; spines 1-6 mm long. Median 
leaflets dichotomously branched up to three times, strongly discolorous, 300-600 mm 
long, 18-25 mm wide, inserted at 45-70° to rachis, decurrent for 10-15 mm, narrowed 
to 3-4 mm at base (to 14-20% of maximum width), 60-95 mm apart on rachis; 
section flat; margins flat; apex softly acuminate, not spinescent; midrib raised above, 
flat below. Cataphylls narrowly triangular, soft, pilose, 55-90 mm long. Pollen cones 
fusiform, yellow or cream, 35-55 cm long, 6-8 cm diam.; microsporophyll lamina soft, 
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not dorsiventrally thickened, 17-28 mm long, 13-16 mm wide, fertile zone 14-25 mm 
long, sterile apex 2-3 mm long, level, apical spine absent. Megasporophylls 7-11 cm 
long, brown-tomentose; ovules 2-6, glabrous; lamina ovate, 35-100 mm long, 25-50 mm 
wide, deeply pectinate, with 12-15 soft lateral spines 18-50 mm long, 2-3 mm wide, 
apical spine distinct or not distinct from lateral spines, 15-70 mm long, 3-8 mm wide at 
base. Seeds flattened-ovoid, 25 mm long, 20 mm wide; sarcotesta yellow, not pruinose, 
2 mm thick; fibrous layer absent; sclerotesta verrucose; spongy endocarp absent. 

Historical notes: this species was first recognized as a distinct taxon in western literature 
by English botanist Sir William Thiselton-Dyer in 1902, who described it as C. rumphii 
var. bifida, on the basis of a leaf fragment collected by H.B. Morse in the Longzhou 
district of southern Guangxi in 1896. Thiselton-Dyer later received material apparently 
collected by W. Micholitz in Annam (central Vietnam) from Sander 8c Sons in 1905, 
and from Henry Ridley of the Singapore Botanic Gardens at about the same time. He 
described this as a new species C. iiiicholitzii in 1905, noting the similarities with the 
specimen he had earlier described as C. rumphii var. bifida but not combining the two. 
Subsequent authors have regarded them as the same species until recent studies have 
shown them to be distinct. 

Distinguishing features: the most immediately striking feature of this species is the 
dichotomously divided leaflets. However, this also occurs in several related taxa, and 
in a horticultural form of C. revoluta that is popular in Japan. The subterranean habit, 
the small, soft microsporangiate cones, the loose, freely peeling sarcotesta lacking a 
fibrous layer and the verrucose sclerotesta are also all features shared by a wider group 
of related species (Section Stangerioides). Within this group of related species, C. bifida 
is distinguished by the long leaves with glossy, thin-textured, comparatively long and 
broad leaflets that are dichotomously divided very near to the base. It is most similar 
to C. micholitzii from central Vietnam, and can be distinguished by the larger stature, 
longer, broader, more lax and glossier leaflets and the larger microsporangiate cones 
with mostly non-spinescent microsporophylls. 

Distribution and habitat: Southern Guangxi Province in China and north-eastern 
Vietnam (Fig. 4). Locally abundant but many populations are now depleted, in low, 
scrubby but fairly dense mixed evergreen and deciduous or bamboo woodland, 
often on red terra rosa soils on and around steep karst limestone outcrops, but also 
on loamy soils over shales and metasandstones. This species is apparently sympatric 
with C. tnultipinnata in several populations in China, and a range of morphologically 
intermediate forms that can be interpreted as a hybrid swarm has been observed (see 
C. longipetiolula and C. multifrondis, excluded names, below). 

Conservation: this species has been severely reduced in numbers both by collecting 
and by unrestrained agricultural and forestry development. The rarity combined with 
the unusual habit make it a very highly sought plant by collectors. It is still, however, 
frequent in many places, especially in Vietnam, and not considered to be at risk in the 
short term. Treated in the 1997 IUCN Red List as C. micholitzii status E for China. Ver 
3.1:1UCN (2001) status is VU (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: cult., nursery of Nanning Forestry Research 
Centre, Nanning, coll. Longzhou County, 7 Nov 1998, Chen, Zhong & Hill 3 (NSW, PE); cult. 
Longzhou city park, coll. Longzhou County, 21 Nov 1998, Chen, Zhong & Hill 35 (NSW, PE). 
Yunnan: Hekou county, Hong 347, Chen, Hill & Stevenson, 6 Jul 2000 (YUN, PE). VIETNAM: 
Lang Son: Trang Dinh, Chi Lang, Kco Quang, 13 Mar 1999, Hill 5027, Loc & Dzu (HN, NSW); 
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Binh Gia, Thien Hoa, Thien Thua, 28 Mar 1996, Yang & Hiep SLY764 (HN). Cao Bang: Thach 
An, Due Xuan, Tuc Nga, 13 Mar 1999, Hill 5028,5030 &Loc (HN, NSW); Thach An, Tong Con, 3 
Dec 1996, Locetal. CBL853 (HN). Tuyen Quang: Son Duong, Hop Thanh, Dong Dai, Hiep 4116 
& Hill, 15 Jan 2000 (HN, NSW); Yen Son, Tien Bo, Goc Thi Cult in garden, coll from wooded 
hills in general vicinity, 17 Mar 1999, Hill 5047 & Loc (HN, NSW). 

Hybrids: Cycas bifida X C. multipinnata : CHINA: Yunnan: Gejiu county, Yuanjiang River 
valley, D.Y. Wang & H. Peng 5523, 23 Apr 1994 (SZG; holotype of C. longipetiolula). Hekou 
county, Lianhuatang to Makayih, on the border of Hekou and Gejue(Manhao) Chen, Hong, 
Hill & Stevenson 011 (Hong 350), 6 Jul 2000 (PE, YAF, IBSC, NSW, NY). Cycas bifida X C. 
dolichophylla : VIETNAM: Thai Nguyen: 15 km NW of Thai Nguyen city - sight record, no 
voucher, Nguyen & Hill, 17 Jan 2000. 

17. Cycas multipinnata C.J.Chen & S.Y.Yang, Acta Phytotax. Sin. 32(3): 239 (1994). 
Epicycas multipinnata (C.J.Chen & S.Y.Yang) de Laub., in De Laub. & Adema, Blumea 
43:391 (1998). 

Type: China, Yunnan, S. Jianshui County, near Red River, 1100 m, Apr 1987, S.Y. Yang 
9202 (holo PE). 

Literature: Wang (1996), Chen and Stevenson (1999). 

Illustrations: Wang (1996). 

Etymology: from the Latin pinnatus, pinnate, with the compound prefix multi-, many, 
referring to the complexly branched leaflets. 

Vernacular: Chinese - duoqi su-tie (multipinnate cycad), dujuetie (single leaf cycad) 
(Chen et al. 1995, Bonta & Osborne 2007). 

Stems acaulescent, 14-25 cm diam. at narrowest point, 1-2 leaves in crown. Leaves deep 
green, highly glossy, 200-600 cm long, slightly keeled (opposing leaflets inserted at 
120-150° on rachis), bipinnate, with 14-36 leaflets, with white tomentum shedding as 
leaf expands; rachis consistently terminated by paired leaflets; petiole 100-350 cm long 
(50-65% of total leaf), glabrous, spinescent for 90-100% of length; basal leaflets not 
gradually reducing to spines, 500-720 mm long; spines 1-6 mm long. Median leajlets 
pinnately divided, strongly discolorous, 400-600 mm long, 12-22 mm wide, inserted at 
45-70° to rachis, not decurrent, narrowed to 1-3 mm at base (to 8-14% of maximum 
width), 160-200 mm apart on rachis, pinnules dichotomously branched, segments 
15-22 mm wide; section flat; margins flat; apex softly acuminate, not spinescent; 
midrib raised above, flat below. Cataphytts narrowly triangular, soft, pilose, 40-60 mm 
long. Pollen cones fusiform, cream, 25-40 cm long, 6-8 cm diam.; microsporophyll 
lamina soft, not dorsiventrally thickened, apex level or raised, apical spine absent. 
Megasporophylls 11-13 cm long, brown-tomentose; ovules 2-6, glabrous; lamina ovate, 
60-70 mm long, 50-60 mm wide, deeply pectinate, with 20-22 soft lateral spines 30-40 
mm long, 1.5-2 mm wide, apical spine distinct or not distinct from lateral spines, 30- 
40 mm long, 3-4 mm wide at base. Seeds flattened-ovoid, 25 mm long, 21 mm wide; 
sarcotesta yellow, not pruinose, 2 mm thick; fibrous layer absent; sclerotesta verrucose; 
spongy endocarp absent. 

Historical notes: although known for several decades, this remarkable species was only 
recognised as distinct and published in 1994 by Chinese botanist C.J. Chen. 

Distinguishing features: the bipinnate leaves immediately distinguish this species and 
the closely related C. debaoensis within the genus. C. multipinnata is distinguished from 
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the latter by the longer leaves with broader, thinner leaflets that are broadest above 
the mid-point, and the smaller megasporophylls with a smaller apical lamina. The 
subterranean habit, the small, soft microsporangiate cones, the loose, freely peeling 
sarcotesta lacking a fibrous layer and the verrucose sclerotesta are features shared by a 
wider group of related species (Section Stangerioides). 

Distribution and habitat: known from several quite widely disjunct populations, a 
limited area in the Red River gorge in eastern Yunnan, with a disjunct occurrence in Yen 
Bai Province, northern Vietnam aand another in western Guangxi in China (Fig. 4). 
In all occurrences it is found growing in closed evergreen forest on limestone on very 
steep slopes. Much of the forest habitat has been cleared or severely degraded. Putative 
hybrids with C. bifida are discussed above. 

Conservation status: this species is already severely depleted in the Chinese population 
on the Red River and potentially at risk from horticultural collectors. It is regarded 
as endangered, although further study of the Vietnamese and Guanxi occurrences is 
essential. Ver 3.1:IUCN (2001) status is EN (Donaldson 2003). 

Selected specimens examined: VIETNAM: Yen Bai: Yen Binh, Phuc Ninh, village no. 4, Chang 
Re mountain, Hiep 4113 & Hill, 14 ]an 2000 (HN, NSW). CHINA: Yunnan: Gejiu county, 
Manhao, Lindstrom s.n. (NSW, HN); Hekou county, Lianhuatang to Makayihe, on the border 
of Hekou and Gejue (Manhao), Chen, Hong, Hill & Stevenson 9, 10 (Hong 348, 349), 6 Jul 2000 
(PE, YAF, IBSC, NSW, NY); 

18. Cycas debaoensis Y.C.Zhong & C.J.Chen, Acta Phytotax. Sin. 35(6): 571 (1997). 

Type: China, Guangxi, Debao, 106°14'E 23°30'N, 27 Aug 1997, Y.C. Zhong 8762 (holo 
PE, iso GXF). 

Etymology: from the county of Debao in western Guangxi province, with the Latin 
termination -ensis, place of origin. 

Stems acaulescent, 15-20 cm diam. at narrowest point; 3-15 leaves in crown. Leaves 
deep green, semiglossy, 250-300 cm long, moderately keeled (opposing leaflets inserted 
at 80° on rachis), with 30-50 leaflets, with white tomentum shedding as leaf expands; 
rachis consistently terminated by paired leaflets; petiole 80-150 cm long (30-50% of 
total leaf), petiole glabrous, spinescent for 100% of length; basal leaflets not gradually 
reducing to spines, 130-170 mm long; spines 1-4 mm long. Median leaflets pinnately 
divided, then dichotomously branched towards the tip, strongly discolorous, 500-560 
mm long, 7-11 mm wide, inserted at 75-80° to rachis, not decurrent, narrowed to 
2-3 mm at base, (to 27-29% of maximum width), 40 mm apart on rachis, inserted 
parallel to rachis; section flat; margins flat; apex acute, not spinescent; midrib raised 
above, flat below. Catapbylls narrowly triangular, soft, pilose, 70-90 mm long. Pollen 
cones fusiform, cream, 20-30 cm long, 5-7 cm diam.; microsporophyll lamina soft, not 
dorsiventrally thickened, apex level or raised, apical spine absent. Megasporophylls 12- 
14 cm long, brown-tomentose; ovules 2-6, glabrous; lamina orbicular or ovate, 80-90 
mm long, 80-90 mm wide, deeply pectinate, with 26-28 soft lateral spines 40-50 mm 
long, 2 mm wide, apical spine distinct or not distinct from lateral spines, 30-40 mm 
long, 3-4 mm wide at base. Seeds ovoid, 25-27 mm long, 20-22 mm wide; sarcotesta 
yellow, not pruinose, 2 mm thick; fibrous layer absent; sclerotesta verrucose; spongy 
endocarp absent. 

Historical notes: this remarkable species was only discovered in 1996 and described in 
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1997 by Chinese botanists C.J. Chen and Y.C. Zhong. 

Distinguishing features: the bipinnate leaves immediately distinguish this species 
and the closely related C. multipinnata within the genus. C. debaoensis is distinguished 
from the latter by the shorter and more numerous leaves with narrower, thicker leaflets 
that are broadest below the mid-point, and the usually longer megasporophylls with 
a larger lamina. The subterranean habit, the small, soft microsporangiate cones, the 
loose, freely peeling sarcotesta lacking a fibrous layer and the verrucose sclerotesta are 
features shared by a wider group of related species (Section Stangerioides). 

Distribution and habitat: known from two populations in a limited area Debao and 
Napo Counties in western Guangxi (Fig. 4), growing in mixed evergreen and deciduous 
woodland on limestone on slopes. Most of the forest habitat has been cleared or severely 
degraded. 

Conservation status: this species is already severely depleted, and potentially at risk 
from horticultural collectors. It is regarded as critically endangered. Ver 3.1:IUCN 
(2001) status is CR (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: Debao county, Guangxi province, 
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Chen, Zhong 6- Hill 06, 8 Nov 1998 (NSW, BM, FTG, HN, K, KL, L, MO, NY, P, PE) 

19. Cycas ferruginea EN.Wei, Guihaia 14: 300 (1994) 

Type: cultivated, Guilin Botanical Garden, thought to be introduced from Longzhou 
County, Guanxi, China, F.N. Wei 2220, 31 Aug. 1994 (holo IBK). 

Literature: Wang (1996, as C. tniquelii); Chen and Stevenson (1999). 

Illustrations: Wei (1994). 

Etymology: from the Latin ferruginea rusty red, from the abundant deep red tomentum 
on new growth and persisting to some extent on the older leaves. 

Sterns arborescent or acaulescent, to 1.2 m tall, 12-18 cm diam. at narrowest point, 10- 
25 leaves in crown. Leaves deep green or grey-green, highly glossy or semiglossy, 130— 
210 cm long, slightly keeled or flat (not keeled) in section (opposing leaflets inserted at 
150-180° on rachis), with 120-200 leaflets, with white or orange or brown tomentum 
shedding as leaf expands or persistent below; rachis usually terminated by paired leaflets; 
petiole 35-80 cm long (25-40% of total leaf), glabrous or pubescent, spinescent for 30- 
100% of length; basal leaflets not gradually reducing to spines, 80-190 mm long; spines 

1- 3 mm long .Median leaflets simple (often falcate), strongly discolorous, 190-380 mm 
long, 8-13 mm wide, inserted at 70-90° to rachis, decurrent for 4-8 mm, narrowed to 
2.5-4 mm at base (to 25-40% of maximum width), 10-19 mm apart on rachis, inserted 
parallel to rachis; section slightly keeled; margins recurved; apex acute, spinescent; midrib 
raised above, flat below. Cataphylls narrowly triangular, pungent, pilose, 90-120 mm long. 
Pollen cones fusiform, orange, 25-45 cm long, 4-6 cm diam.; microsporophyll lamina soft, 
not dorsiventrally thickened, 16-20 mm long, 9-13 mm wide, fertile zone 15-18 mm 
long, sterile apex 3-5 mm long, raised, apical spine rudimentary, sharply upturned, 
0-3 mm long, or absent. Megasporophylls 11-19 cm long, brown-tomentose; ovules 

2- 6, glabrous; lamina orbicular, 70-110 mm long, 50-80 mm wide, deeply pectinate, 
with 28-42 soft lateral spines 18-40 mm long, 1-3 mm wide, apical spine distinct from 
lateral spines, 15-50 mm long, 3-8 mm wide at base. Seeds ovoid, 19-24 mm long, 
15-21 mm wide; sarcotesta yellow, not pruinose, 1-2 mm thick; fibrous layer absent; 
sclerotesta verrucose; spongy endocarp absent. 

Historical notes: described by Chinese botanist Wei Fan-Nan in 1994, from a single 
plant in cultivation in Guilin. The wild source was not known at the time, making 
the origin something of a mystery. Field studies in Vietnam in 1997 discovered large 
populations of a cycad that appears to match the type plant in Lang Son province. Wild 
plants have also since been discovered in Tiandong County, western Guangxi Province 
in China. 

Distinguishingfeatures:closelyallied to C. sexseminifera, but immediately distinguished 
by the dense dark ferruginous tomentum on new growth, the longer leaves and the 
longer often falcate leaflets with recurved margins. It also differs in the generally larger 
proportions in all respects, and the larger and broader megasporophyll lamina. The 
small, soft microsporangiate cones, the loose, freely peeling sarcotesta lacking a fibrous 
layer and the verrucose sclerotesta are features shared by a wider group of related 
species (Section Stangerioides). 

Distribution and habitat: a restricted species, known from limestone bluffs in western 
Guangxi Province in China, and also in Lang Son and Thai Nguyen provinces in 
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Vietnam (Fig. 5). This species shows the same habitat preference as C. sexseminifera 
and C. tropophylla, growing on bare limestone faces on steep limestone bluffs, with no 
visible soil at the roots. 

Conservation status: Ver 3.1:IUCN (2001) status is NT (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: cultivated, Guilin Institute of Botany (type 
plant), 28 Nov 1998, Chen, Zhong dr Hill 43 (NSW, PE); Tiandong county, Zuodeng town, 280 m, 
rocky crevices in limestone mountain, Chen & Li T2001 - 01, 02, 03, 26 Apr 2001 (PE, NSW, NY, 
SZG); Zhong s.n., 2 Feb 1999 (PE, NSW, NY). VIETNAM: Lang Son: Huu Lien Nature Reserve, 
near border post, Huu Lung district, 10 May 1998, Hill 4995,4996,4997, 4998 & Loc (NSW, HN 
K NY PE BKF L P MO CANB); Huu Lien Nature Reserve, near village, Huu Lung district, 11 May 
1998, Hill 5000, 5001, 5002 & Loc (NSW, HN K NY PE BKF L P MO CANB); Huu Lung, Huu 
Lien, Apr 1998, Hiep2410,2411,2412 (HN).Thai Nguyen: Dong Hy, Quang Son cult in garden, 
coll from steep limestone cliffs 3-400 m to W, 16 Mar 1999, Hill 5043 5044 dr Loc (FIN, NSW); 
Vo Nhai, La Hien, 20 km NE of Thai Nguyen city, 28 Mar 1996, Yang dr Hiep 766 (HN). 

20. Cycas sexseminifera F.N.Wei, Guihaia 16: 1 (1996). 

Type: cultivated, Guilin Botanical Garden, introduced from Longzhou County, 
Guangxi, China, F.N. Wei 2223, 1994 (holo IBK). 

Cycas acuminatissima Hung T.Chang, Y.C.Zhong 8c Z.F.Lu, Acta Sci. Nat. Univ. 
Sunyatseni 37(4): 6 (1998). 

Type: China, Guangxi, Tianyang, Y.C. Zhong 8770, 26 Mar 1998 (holo SYS n.v.). 
Included in the synonymy of C. segmentifida by Chen and Stevennson (1999), but 
the type collection is from within the range of C. sexseminifera and away from the 
range of C. segmentifida. The illustration accompanying the protologue also matches 
C. sexseminifera, and this taxon is here included in the synonymy of that species. Field 
studies in the type locality also do not substantiate the presence of another taxon. 

Cycas brevipinnata Hung T.Chang, Y.Yuan Huang 8cY.C.Zhong, Acta Sci. Nat. Univ. 
Sunyatseni 37(4): 8 (1998). 

Type: cultivated Nanning arboretum Guangxi, China, H.X. Zheng &Y.Y. Huang 98003, 
21 Apr 1998 (holo SYS n.v.). Included in the synonymy of their concept of C. miquelii 
by Chen and Stevenson (1999), and in C. sexseminifera by Chen and Liu (2004). 

Cycas lotigisporophylla F.N.Wei, Guihaia 17: 209 (1997). 

Type: cultivated, Guilin Botanical Garden, introduced from Longzhou County, 
Guangxi, China, F.N. Wei 2222, 19 Jun 1995 (holo IBK). Included in the synonymy of 
their concept of C. miquelii by Chen and Stevenson (1999), and in C. sexseminifera by 
Chen and Liu (2004). 

Cycas septemsperma Hung T.Chang, Y.Yuan Huang 8c H.X.Zheng, Acta Sci. Nat. Univ. 
Sunyatseni 37(4): 8 (1998). 

Type: cultivated Nanning arboretum Guangxi, China, Y.Y. Huang & H.X. Zheng 192, 
Aug 1998 (holo SYS n.v.). Included in the synonymy of their concept of C. miquelii by 
Chen and Stevenson (1999), and in C. sexseminifera by Chen and Liu (2004). 

Cycas spiniformis J.Y.Liang, in F.N.Wei, Guihaia 17: 211 (1997). 

Type: cultivated, Guilin Botanical Garden, introduced from Longzhou County, 
Guangxi, F.N. Wei 2266, 16 Sep 1995 (holo IBK). Included in the synonymy of their 
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concept of C. miquelii by Chen and Stevenson (1999), and in C. sexseminifera by Chen 
and Liu (2004). 

Cycas crassipes Hung T.Chang, Y.C.Zhong & Z.F.Lu, Acta Sci. Nat. Univ. Sunyatseni 
38(3): 121-122 (1999). 

Type: Guangxi, Longling County, Y.C. Zhong 8778, 29 May 1998 (holo SYS n.v.). 
The type collection is from within the range of C. sexseminifera. The illustration 
accompanying the protologue matches C. sexseminifera, and this taxon is here included 
in the synonymy of that species. Field studies in the type locality also do not substantiate 
the presence of another taxon. 

Cycas miquelii non Warb., sensu Wang (1996), De Laubenfels and Adema (1998, in 
part), Chen and Stevenson (1999), see below. 

Literature: Wang (1996, as C. miquelii), Chen and Stevenson (1999, as C. miquelii). 
Illustrations: Wang (1996, as C. miquelii). 

Etymology: from the latin sex, six, and seminifera, seed-bearing, in the misplaced belief 
that the six seeds observed on the megasporophyll of the type plant was a diagnostic 
distinction. 

Stems arborescent or acaulescent, to 0-1 m tall, 8-20 cm diam., 4-20 leaves in crown. 
Leaves deep green, semiglossy, slightly keeled to flat (not keeled) in section (opposing 
leaflets inserted at 150-180° on rachis), with 80-200 leaflets 50-120 cm long, with 
brown tomentum shedding as leaf expands;rachis consistently terminated by paired 
leaflets petiole 10—40 cm long (20-35% of total leaf), glabrous, unarmed or spinescent 
for 5-100% of length; basal leaflets not gradually reducing to spines, 10-80 mm long; 
spines 1-3 mm long. Median leaflets simple, strongly discolorous, 130-240 mm long, 
6-10 mm wide, inserted at 70-85° to rachis, decurrent for 2-6 mm, narrowed to 2-5.5 
mm at base (to 25-55% of maximum width), 8-14 mm apart on rachis, section slightly 
keeled, margins flat or slightly recurved; apex aristate, spinescent; midrib raised above, 
raised below. Cataphylls narrowly triangular, soft, pilose, 30-50 mm long. Pollen cones 
narrowly ovoid to fusiform, yellow, 15-30 cm long, 5-8 cm diam.; microsporophyll 
lamina soft, not dorsiventrally thickened, 20-30 mm long, 12-30 mm wide, fertile zone 
10-28 mm long, sterile apex 2-4 mm long, raised, apical spine rudimentary or absent, 
sharply upturned, 0-3 mm long. Megasporophylls 8-12 cm long, brown-tomentose; 
ovules 2-6, glabrous; lamina orbicular, 35-55 mm long, 30-50 mm wide, deeply 
pectinate, with 16-28 soft lateral spines 10-25 mm long; apical spine distinct from 
lateral spines, 30-40 mm long. Seeds ovoid, 20-28 mm long, 18-25 mm wide; sarcotesta 
yellow, not pruinose; fibrous layer absent; sclerotesta smooth to verrucose; spongy layer 
absent. 

Historical notes: Metcalf (1942) applied the name C. inermis to this species. Later treatments 
from China (Cheng et al. 1975, Zhou et al. 1990) also confused it with C. pectinata (which 
does occur in China, but considerably to the west of this species). Occurrences in Vietnam 
were overlooked by Leandri (1931), Ho (1960, 1991) and Hiep and Vidal (1996). Wang 
(1996) and Chen and Stevenson (1999) applied the name C. miquelii to this species (see 
above under C. revoluta for extra comment on C. miquelii). The treatment under the 
name C. miquelii by de Laubenfels and Adema (1998) presents a confused concept that 
includes C. sexseminifera and other taxa. Their neotypification of the name C. miquelii is 
based on a specimen of a quite different species, C. clivicola from southern Thailand. 
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Distinguishing features: this species is most readily distinguished by the dwarf habit 
with a short stem and short, flat leaves with short, narrow, flat, rather stiff and pungent 
leaflets, and the small but broad megasporophyll lamina with a broad apical spine 
distinct from the lateral spines; petioles are often unarmed (hence the misapplication 
of the epithet “inermis”), but this character is not at all consistent. The small, soft 
microsporangiate cones, the loose, freely peeling sarcotesta lacking a fibrous layer and 
the verrucose sclerotesta are features shared by a wider group of related species (Section 
Stangerioides). 

Distribution and habitat: widespread in southern and central Guangxi province of 
China, and in a limited area in Cao Bang province in central northern Vietnam in the 
border region with Guangxi, with a disjunct occurrence in Thanh Hoa province south 
of Hanoi (Fig. 5). Locally abundant, growing in crevices in bare outcrops in rugged 
karst limestone country, often on vertical faces with no visible soil. 

Conservation status: although there is a clear demand for this species in horticultural 
markets in China and Vietnam, and a substantial collection from the wild for this trade, 
this species is extremely abundant in many inaccessible sites. Ver 3.1:IUCN (2001) 
status is NT (Donaldson 2003). 

Selected specimens examined: CHINA: Guangxi: Longzhou county, Long Gan natural reserve, 
21 Nov 1998, Chen, Zhong & Hill 31, 32 (NSW, PE), Chen, Zliong & Hill 33 (NSW, PE); cult., 
nursery of Nanning Forestry Research Centre, Nanning, collected from southern Guangxi (same 
collection as type plant of Cycas brevipinnata, separate plant), 7 Nov 1998, Chen, Zhong & Hill 2 
(NSW, P, PE); cult. Qing Xui Wu park, Nanning, collected from southern Guangxi, 7 Nov 1998, 
Chen, Zlwng & Hill 5 (NSW, PE); cult. Longzhou city park, collected nearby, 21 Nov 1998, Chen, 
Zhong & Hill 34, 35 (NSW, PE). VIETNAM: Cao Bang: Thach An, Thuy Hung, 1 Dec 1996, 
Averyanov et at. CBI.912 (HN), 4 Dec 1996, Averyanov et al. CBL878 (HN); Quang Hoa, Quoc 
Phong, Lung Trang, 14 Mar 1999, Hill 5031 & Loc (HN, NSW). Ninh Binh: Nho Quan, Cue 
Phuong, Nga village, outside entrance to Cue Phuong National Park, cult in garden, coll, on hill 
behind village, 19Mar 1999, Hill 5053 6' Loc (I IN, NSW); Bich Dong, 25 Oct 1994 , Yang & Hiep 
SLY526 (HN). Thanh Hoa: Nhu Xuan, Ben En National Park, 21 Oct 1996, Hiep 2114 (HN), 30 
Mar 1996, Loc P7063 ( HN). 

D. Section INDOSINENSES J.Schust. 

Cycas section Indosinenses J.Schust., Pflanzenr. 99: 65 (1932). 

Lectotype (fide Hill & Yang 1998): C. siamensis Miq. This is one of only two species 
included in this section by Schuster, and the single species remaining when the other 
species (C. micholitzii) is removed to section Stangerioides, as was done by Smitinand 
(1971). 

Section Indosinenses is defined by the combination of stiff or woody male cones, 
glabrous ovules, a large, deeply pectinate megasporophyll lamina, and the presence 
of a layer of fibrous tissue within the sarcotesta. It is a taxonomically complex group 
ranging from Himalayan India and Nepal east to Vietnam and southern China and 
south to northern peninsular Malaysia. Sectional circumscription herein follows Wang 
(1996). Two species occur in China (Figs. 1,6). 

21. Cycas pectinata Buch.-Ham., Mem. Wern. Nat. Hist. Soc. 5(2): 322-323 (1826). 
Cycas circinalis subsp. vera var. pectinata (Griff.) Schuster, Pflanzenr. 99: 68 (1932). 

Neotype: India, E. Bengal, Chittagong,/.D. Hooker & Thompson 6, 1855 (K: isoneo P). 
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De Laubenfels and Adema (1998) designated this specimen as lectotype but this was 
an error since the specimen was collected after the name was published. This error is 
correctible under ICBN Art. 9.8 and they are deemed to have neotypified it. 

Cycasjenkinsiana Griff., Not. PI. Asiat. 4:9-10, Plates 360, fig. 1-2 and 362, fig. 1 (1854). 

Type: India, Assam, Jenkins s.n. (holo K; iso BM, L). Included in the synonymy of 
C. pectinata by Smitinand (1971). 

Literature: Chen and Stevenson (1999). 

Illustrations: Smitinand (1971), Cheng et al. (1975), Grierson and Long (1983), Wang 
(1996), Tang et al. (1997), Hill and Yang (1998). 

Etymology: from the Latin pectina, a comb, in reference to the long, comb-like teeth of 
the megasporophylls. 

Vernacular: Assam - thaljimura ; Burmese - mondaing, Chinese - bi-chi su-tie (cycad 
with comb-like megasporophylls), feng-wei-jiao (Phoenix-tail grass or palm), feng- 
huang-dan, Khasi - dieng-sia-goda; Nepalese - thakal, thaljimura; Thai - boka, plong, 
prong khao, prong pa (forest or field cycad) (Chen et al. 1995, Hill & Vatcharakorn 1998, 
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Pant 1962, Pant et al. 1994, Smitinand 1972, Walters & Yang 1994, Bonta & Osborne 
2007). 

Stems arborescent, to 1-12 m tall, 14-20 cm diam., 30-40 leaves in crown. Leaves deep 
green to grey-green, semiglossy, 150-240 cm long, with white tomentum shedding as 
leaf expands, flat (not keeled) in section (opposing leaflets inserted at 170-180° on 
rachis), with 180-312 leaflets, rachis consistently terminated by a spine 1-46 mm 
long; petiole 30-80 cm long (25-50% of total leaf), glabrous, spinescent for 30-80% 
of length; basal leaflets not gradually reducing to spines, 50-160 mm long; spines 1-4 
mm long. Median leaflets simple, strongly discolorous, 200-315 mm long, 7.5-10.5 mm 
wide, inserted at 45-60° to rachis, decurrent for 4-8 mm, narrowed to 2.5-4 mm at 
base (to 35-45% of maximum width), 8-13 mm apart on rachis, section flat, margins 
slightly recurved; apex acute, spinescent to not spinescent; midrib raised above, raised 
below. Cataphylls narrowly triangular, soft, pilose. Pollen cones ovoid, yellow or green, 
30-55 cm long, 16-22 cm diam.; microsporophyll lamina firm, not dorsiventrally 
thickened, 43-60 mm long, 19-24 mm wide, fertile zone 35-57 mm long, sterile 
apex 3-8 mm long, level, apical spine prominent, sharply upturned, 17-32 mm long. 
Megasporophylls 22-30 cm long, grey-tomentose; ovules 2-4, glabrous; lamina orbicular, 
110-180 mm long, 100-130 mm wide, deeply pectinate, with 40-50 soft lateral spines 
26-75 mm long, 2-3 mm wide; apical spine distinct from lateral spines, 35-75 mm 
long, 5-12 mm wide at base. Seeds flattened-ovoid, 42-45 mm long, 33-45 mm wide; 
sarcotesta yellow, not pruinose, 4-7 mm thick; fibrous layer present; sclerotesta smooth; 
spongy layer absent. 

Historical notes: C. pectinata was the fourth species of Cycas to be named, described 
in 1826 by Scottish surgeon and botanist Francis Buchanan-Hamilton. No type was 
cited, but reference was made to occurrence in ‘the hills which bound Bengal to the 
east’, and the description cited ‘Habitat in Camrupae orientalis sylvis’. C. angulata R. 
Brown and Olus calappoides of Rumphius (C. rutnphii ) were cited (erroneously) in 
synonymy. Zhou et al. (1990) regarded Hamilton’s publication as illegitimate because 
C. angulata was cited as a synonym. The latter was cited, but with a question mark, 
indicating that the author was unsure of the placement of C. angulata. This does not 
invalidate Hamilton’s publication (ICBN Art. 52.2, Note 1, Ex. 12). The primary set of 
Hamilton’s Bengal collections eventually went to Wallich and thence to Kew (K-W). A 
second set went to E. Neither set includes a specimen that could be regarded as the type 
of C. pectinata. 

The name C. pectinata has been incorrectly attributed to Griffith (1854) by numerous 
authors eg. Miquel (1868), Thistleton-Dyer (1888), Warburg 1900, Smitinand (1972), 
de Laubenfels (1988), but he was only giving a description of the species, not formally 
describing it. Griffith did not add his name to the binomial, which was his usual practice 
with existing or previously published names. 

Distinguishing features: the very large, ovoid microsporangiate cones with long, narrow 
microsporophylls, those with long apical spines, readily distinguish this species from 
others in the C. pectinata group. The thin, smooth bark also distinguishes this species 
from related taxa, although this feature is shared with C. clivicola and C. elongata, and 
seems to be an artifact of the occurrence in wetter forests, where the usual armour of 
leaf bases and cataphylls is quickly removed by the general processes of decomposion 
in the moister environment. 
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Distribution and habitat: common and widespread in forest on hills of the central 
highlands, mostly above about 500 m altitude (Fig. 6). This species occurs in medium to 
tall forest on deep, often clay-rich and more fertile soils, usually as part of the general shrub 
understorey at medium to higher elevations in generally moist conditions in moderate to 
deep shade. Although often found on limestone substrates, it is by no means restricted to 
these, and also occurs on granites and metasediments. 

C. pectinata is abundant in the hill forests in parts of north-eastern India, and has also 
been collected front Nepal and Bhutan. It extends into Yunnan Province in southern 
China, often on soil over limestone, and east into Thailand, Laos and Vietnam. 

Conservation status: a very widespread species. Although its habitat is continually 
being reduced, large populations remain, and it is not under any immediate threat 
of extinction. Ver 3.LIUCN (2001) status is VU (Donaldson 2003). The status is 
determined on the basis of the continuing population decline, although the very large 
populations remaining indicate that the short-term threat of extinction is low. 

Selected specimens examined: CHINA: Yunnan, Henry 13637 (K, NY); Meng Yuan district, 
Meng La Natural Reserve, Lindstrom s.n., 1994 (no voucher); Simao County, Mao Pymao 6109, 
20 Sep 1955 (KUN); Jinghong County, Na Bai, Tao 43719, 21 Oct 1988 (XBG). BANGLADESH: 
Chittagong, Hooker & Thompson Herb. Ind. Or (BM, K, L); Satakoina, Chittagong, Hooker & 
Thompson 595, 11 Jan 1857 (K). BHUTAN: E bank of Dangme Chu, between Cha Zam and 
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Duksun, N of Tashigang, Grierson & Long 2357, 29 Jun 1979 (K ex E). INDIA: Gowatty, Clark 
43243, 29 Mar 1886 (K); Satte Bhaia Jhai, Darij Serai, Gamble 2675A, Jan 1875 (K); Rammagar 
Hills, Haines 3983, Nov 1916 (K); Great Rungeet Valley, Sikkim, Hooker s.n., 1848 (K); Khasia, 
Hooker & Thompson, 16 Jul 1850 (K); Laki, Lakhei County, Lushai Hills, Assam, Parry 100, Feb 
1927 (K); Koongi Valley, Manipur, Watt 6796, 27 Apr 1882 (K). MYANMAR: Shan States, Aplin 
s.n., Nov-Dec 1887 (K); Mundat, Kingdon Ward 22308, 18 May 1956 (K); Rangoon, Meebold 
8166, Jan 1908 (K). NEPAL: Mechizou Jhapa district, Nicolson 3078, 31 Mar 1967 (BM); Ganjbari 
(26°45’N 87° 58’E), Stainton 5733, 1 Apr 1967 (BM); Udaipur Ganhi (26°56’N 86 0 31’E), Stainton 
6638, 3 Nov 1969 (BM). THAILAND: Chaiyaphum: near Chulaphorn Dam, Larsen, Supee, 
Larsen, Nielsen & Santisuk 31432, 5 Aug 1972 (BKF). ChiangMai: Doi Pha Horn Pok, Fang, Kerr 
5218, 3 Apr 1921 (BM, K). Kanchanaburi: Ban Huay Sue, E of Thong Pha Phum, Hill 4645, 02 
May 1994 (NSW, BKF, K, L, PE). Loei: Phu Paek, van Beusekom & Phengklai3027, 14 Jan 1970 (L 
ex BKF). Mae Hong Son: Ban Mok Jum Prak, Hill 4638, 26 Apr 1994 (NSW). Phetchabun: N of 
Chai Badun, Abbe, Abbe & Smitinand 9361 B, 2 Jan 1960 (BKF). Phrae: Mae Kating, Williams & 
Smitinand 17133 (BKF). Sukhothai: Khao Luang, Kerr 5944, 4 May 1922 (BM, K). VIETNAM: 
Gia Lai: Tu An, Tu Thuy, between An Klie and Kbang, 30 Oct 1994, Yang 531, Ban & Lindstrom 
(HN); Kbang, 30 Oct 1994, Yang 532, Ban & Lindstrom (HN). Kon Turn: between Dak Poko and 
Dak Mek rivers, 1000 m alt, 28 Mar 1995, US Nat. Geog. Soc. Exped. VH 962, 963 (HN); Dak Poko 
River near Dak Gley township, 600 m alt, 29 Mar 1995, US Nat. Geog. Soc. Exped. VH 1017, 1018 
(HN); along Dak Poko River 6 km N of Dak Gley township, 6-700 m alt, 16 Apr 1995, US Nat. 
Geog. Soc. Exped. VH 1385-1387 (HN), 28 Nov 1995, VH 2078 (HN), 29 Nov 1995, VH 2145-6 
(HN). Lam Dong: Dalat, 5 Nov 1994, Yang 542, 543, Ban & Lindstrom (HN). Quang Ngai: Due 
Pho, Pho Khanh, 25 Jan 2000, Hiep 4162, 4163, 4164 & Hill (HN, NSW). 

22. Cycas hongheensis S.Y.Yang & S.L.Yang, in D.Y.Wang, Cycads China: 62 (1996). 

Type: Yunnan, Gejiu,S.K Yang9301, 17 May 1993 (holo Panzhihua Inst. Hort.; iso FTG, 
HWA, PE). 

Literature: Walters & Yang (1994), Yang & Pu (1994), Yang & Yang (1994) 
Illustrations: Yang & Yang (1994), Wang (1996). 

Etymology: from Hong-he (the Red River), near the habitat in south-eastern Yunnan, 
with the Latin suffix -ensis, place of origin. 

Vernacular: Chinese - ba-he su-tie, hong-he su-tie (Walters 8c Yang 1994, Bonta & 
Osborne 2007). 

Stems arborescent, to 1-3 m tall, 12-15 cm diam. at narrowest point; 12-25 leaves in 
crown. Leaves grey-green, dull, 70-100 cm long, strongly to moderately keeled (opposing 
leaflets inserted at 80-120° on rachis), with 120-140 leaflets, with white tomentum 
persistent above and below; rachis usually terminated by a spine 5 mm long; petiole c. 
26 cm long (30% of total leaf), petiole pubescent, spinescent for 100% of length; basal 
leaflets not gradually reducing to spines, 95 mm long; spines 1-3 mm long. Median 
leaflets simple, strongly discolorous, 150-200 mm long, 7-8 mm wide, inserted at 50° to 
rachis, decurrent for 4 mm, narrowed to 4.5 mm at base (to 60% of maximum width), 
10 mm apart on rachis; section slightly keeled; margins slightly recurved to recurved; 
apex acute, not spinescent; midrib flat above or raised above (slightly), raised below. 
Cataphylls narrowly triangular, pungent, thinly sericeous or lacking tomentum, 35-50 mm 
long. Cones not seen. 

Historical notes: this member of the C. pectinata group was first discovered and noted 
as a distinct taxon by Chinese botanists in 1993 (Wang 1996), although no reproductive 
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material was seen. It was finally described in 1996, still in the absence of reproductive 
material, although seeds were reported by local people to be large. 

Distinguishing features: the tall, smooth trunk is quite similar to that of C. pectinata 
and related species from Thailand. The keeled leaves with a moderately persistent white 
tomentum distinguish it immediately from all other species in the C. pectinata group. 

Distribution and habitat: known only from a limited area along the Hong He River in 
Gejiu County (Fig. 6). Once locally common in dense scrub on steep limestone outcrops 
at lower elevations, but now severely depleted by collecting for sale as an ornamental 
plant. Plants are in low open vine thickets, often with succulent Euphorbia species, and 
most often rooted in clefts and crevices, often with little no soil at the roots. This species 
is apparently endemic to these seasonally dry limestone outcrops. 

Conservation status: 1997 IUCN Red List of Threatened Plants (Water & Gillett 1998) 
category E. Ver 3.1:IUCN (2001) status is CR (Donaldson 2003). 

Selected specimens examined: CHINA: Yunnan: Baohe town, Gejiu county, in dry side valley to 
north off Hong He valley, on limestone, heavily cut and damaged, Chen, Jiang, Hill & Stevenson 
018, 8 Jul 2000 (PE, NSW, NY, YAF). 


Excluded names 

Cycas longipetiolula D.Y. Wang, Cycads China: 68 (1996). Type: China, Yunnan, 
Yuanjiang River valley, D.Y. Wang & H. Peng 5523, 23 Apr 1994 (holo SZG, iso NF). 
Cycas multipinnata is apparently sympatric with C. bifida in several populations in 
China, and a range of morphologically intermediate forms that can be interpreted as a 
hybrid swarm has been observed. The type of C. longipetiolula is one such form. 

Cycas multifrondis D.Y. Wang, Cycads China: 80 (1996). Type: cultivated in Xiamen 
Botanical Garden, D. Y. Wang5024, 28 Jun 1994 (holo SZG, iso NF).). Cycasdolichophylla 
is apparently sympatric with C. bifida in several populations in China, and a range of 
morphologically intermediate forms that can be interpreted as a hybrid swarm has 
been observed. The type of C. multifrondis is one such form. 
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Abstract 

The genus Cycas is reviewed for The Philippines. Ten species are enumerated, with five described 
as new (Cycas saxatilis, C. aenigma, C. vespertilio, C. nitida and C. lacrimans). C. wadei, 
C. curranii and C. saxatilis are placed in tire new Section Wadeae. Lectotypes are chosen for Cycas 
circinalis subsp. riuminiana var. curranii forma graminea J.Schust. and Cycas circinalis subsp. 
riuminiana var. curranii forma maritima J.Schust. The species are placed within an infrageneric 
classification previously outlined. Distribution of all taxa is mapped, conservation status is 
discussed and a key to species provided. Previous recordings of C. circinalis and C. rumphii from 
The Philippines are discussed. 


Introduction 

The genus Cycas is the single constituent genus of the family Cycadaceae, itself the 
basal lineage of the living cycads (Stevenson, 1992). It is also the sole living cycad group 
occurring in Asia. The only known fossil evidence for this genus is from the Eocene of 
China and Japan, and this, together with the occurrence of all major lineages in the 
genus in mainland Asia, supports a long-term presence and probable origin of this 
genus in that region (Hill 1995). Cycas consists of about 100 species, chiefly Indo- 
Chinese (about 40 species) and Australian (27 species). The genus also occurs in the 
Malesian region, Japan and India, extending to Micronesia and Polynesia, Madagascar 
and East Africa. Plants are commonly understorey shrubs in forest, woodland or 
savanna habitats. Ten species are known in The Philippines. 

The cycad flora of The Philippines is relatively sparse in comparison to Indochina and 
northern Australia, both of which show extensive local radiations. The Philippines is 
however notable for the occurrence of the endemic relictual section Wadeae, which 
shows links to Mainland Asian groups and has probably been separated by crustal 
rifting in the early Tertiary. 

The present work is the outcome of our separate and combined studies, with a total of 
three field trips during the period 2000-2007. Herbarium collections held by A, B, BM, 
BO, E, K, G, L, LAE, LBC, NY, P and SING have been examined by at least one author. 
Authorship of new taxa is as stated in species descriptions. Terminology is as in previous 
papers in this series (e.g. Hill 1994), as are generic and specific concepts followed. 
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Conventions in measurements taken and presented in the following descriptions are as 
in other papers in this series, and are set out in Lindstrom and Hill (2007). Nomenclature 
follows the latest version of the International Code of Botanical Nomenclature [ICBN] 
(McNeill et al. 2006). 


Conservation 

Populations of many Asian species appear to have declined, sometimes dramatically, over 
the past century. However, there is no comparative data to support this impression, and 
evidence for the decline is largely anecdotal and circumstantial. Several causative factors 
for this decline can be observed in action today, however, even though quantitative data 
on the effects are not available. Two principal threats to cycads exist in The Philippines 
at present: habitat loss and selective removal of plants from the wild for trade or 
utilization. Some but not all species occur in reserved areas already proclaimed, but 
enforcement within these areas is sometimes difficult. There is, however, a growing 
interest in habitat and species conservation within The Philippines, and additional 
reserved areas are being evaluated and declared. 

Another, more uncontrollable threat is the rapid spread of Aulacaspis scale insect 
(Howard et al. 1999). The scale seems to be controlled naturally by native predators on 
Palawan (C. curranii, C. saxatilis ) and Culion (C. wadei) but is seriously affecting large 
numbers of cultivated cycads on Luzon, Negros and Panay. It has yet to be confirmed 
if the scale has spread into wild populations but historically known populations of 
C. edentata are now gone and cultivated plants in the near vicinity are dying from the 
scale. It seems that there is no natural predator in existence on these islands and the 
spread of the scale into wild populations and further to other islands as yet not affected 
would be of serious consequences to many endemic Philippine cycads. 

Two Philippine species (C. chamberlainii, C. wadei) were listed in the now out-of-date 
(for this region) IUCN 1997 Red Book of Threatened Plants (Walter & Gillet 1998). 
Species treated below are allocated provisional conservation status codes under the new 
coding system devised by the IUCN (IUCN 2001). Conservation status of all species is 
summarised in Table 1. 


Taxonomic history 

The genus Cycas was first recorded from The Philippines by Regel (1863), with his 
description of C. riumimana from cultivated plants imported from Manila. Four 
Philippine taxa were listed by Merrill (in Foxworthy 1911): C. circinalis, C. revoluta, 
C. sp. aff. cairnsiana (now C. wadei) and C. sp. Palawan (now C. curranii). The same four 
species were listed by Merrill in 1923, but now with the name C. cairnsiana incorrectly 
assigned to the species from Culion. Plants from Mt Arayat in Luzon were described as 
C. chamberlainii in 1925, and the plants from Culion were described as C. wadei in 1936. 

The next discussion of the cycads of the region was by Zamora and Co (1979), listing 
four species, C. revoluta, C. circinalis, C. wadei and C. chamberlainii. This was followed 
by Amoroso (1986), with 5 species, C. revoluta, C. circinalis, C. wadei, C. chamberlainii 
and C. rumphii. This was the first acknowledgement that a species of the Cycas 
rumphii group was present in the Philippines, and the first clear separation of the two 
species treated below as C. riuminiana (C. circinalis sensu Amoroso) and C. edentata 
(C. rumphii sensu Amoroso). 


Table 1. Conservation status of cycad species in The Philippines. 
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The account by de Laubenfels and Adema (1998) records four species from the 
Philippines, C. silvestris, C. wadei, C. edentata and C. riuminiana. C. chamberlainii is 
included in the synonymy of C. riuminiana , and their interpretation of C. silvestris 
(here regarded as an Australian endemic) includes material treated below under 
C. curranii, C. riuminiana and C. edentata. Only the name C. wadei is wholly correctly 
applied by these authors. 

Madulid and Agoo described the endemic C. zambalensis in 2005. 

Taxonomic treatmant 

CYCAS L., Sp. PL: 1188 (1753). 

Lectotype: C. circinalis L.; designated by Stevenson in Jarvis et al. (1993). 

Dioecious palm-like shrubs with aerial or subterranean, pachycaul, cylindrical stems 
clad with persistent frond-bases. Fronds loosely pubescent when young, pinnate, spirally 
arranged,producedin seasonal growth flushes interspersed with cataphylls,lower pinnae 
often reduced to spines. Longitudinal ptyxis erect or rarely reflexed, horizontal ptyxis 
circulate. Pinnae with a single thick midrib and no lateral veins; stomata confined to 
abaxial surface in most species; individual ptyxis involute. Trichomes microscopically 
transparent, branched or simple. Leaves with vascular traces girdling stems, girdling 
traces not present in cataphylls or megasporophlls. Microsporophylls aggregated into 
determinate cones and bearing numerous microsporangia (pollen-sacs) on abaxial 
surfaces, with a simple sterile apex, which is often produced into an upturned spine; 
microsporangia opening by slits; pollen cymbiform, monosulcate. Megasporophylls 
spirally arranged in an indeterminate terminal rosette with the central axis continuing 
vegetative growth. Ovules two to many (rarely one), marginally inserted on the stipe and 
directed obliquely outwards (‘ascending’); sporophyll apically dilated into a pinnatifid, 
pectinate, toothed or entire lamina. Seeds with a yellow, orange or brown fleshy outer 
sarcotesta, and with or without spongy tissue beneath the inner woody sclerotesta. 
Endosperm haploid, derived front the female gametophyte. Embryo straight; with 2 
cotyledons that are usually united at the tips and a very long, spirally twisted suspensor; 
seeds platyspermic; germination cryptocotylar. 

Six sections are now recognised; four in Hill (1995), an additional one in Hill (2008) 
and another one in this paper. There has been disagreement on subgeneric division 
(Wang 1996, de Laubenfels 1998) and, in the light of improved understanding of the 
genus, none of the proposed systems would appear entirely adequate (Hill 1998,2004a, 
Hill 2004b). Two clear groups, regarded below as sections, occur naturally in The 
Philippines, and a third is represented by one widely cultivated species. 
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Key to sections 

1 Ovules tomentose. Section #Asiorientales 

1* Ovules glabrous 

2 Male sporophylls soft & waxy, lacking an upturned apical spine; seeds with a pronounced 


longitudinal ribbing. Section Wadeae 

2* Male sporophylls hard, with a distinct apical spine; seeds smooth.Section Cycas 


Key to species 

1 Ovules and seeds tomentose; leaflet margins strongly recurved . #C. revoluta 

1 * Ovules and seeds glabrous; leaflet margins not strongly recurved 
2 Male cones soft, waxy; sclerotesta strongly ribbed 


3 Seeds small; < 40 mm long 

4 Leaflets 3-8 mm wide. 1. C. wadei 

4* Leaflets 10-14 mm wide. 3. C. saxatilis 

3* Seeds large; > 40 mm long. 2. C. curranii 


2* Male cones firm; sclerotesta not ornamented 

5 Lateral spines on megasporophylls distinct 

6 Apical lamina of megasporophyll < 80 mm long 

7 Leaflets stiff, narrow (5-8 mm wide), leaves keeled, petiole tomentose 
. 8. C. zambalensis 

7* Leaflets wider (> 7 mm), lax, leaves flat, petiole not tomentose 

8 Megasporophyll with 2 broad wing-like lateral processes. 


. 6. C. vespertilio 

8* Megasporophyll with more than 8 lateral spines 

9 Littoral species, thick spongy endotesta present. 10. C. nitida 

9* Inland forest species, spongy endotesta absent or thin 

10 Leaves flat in section. 5. C. riuminiana 

10* Leaves lax and drooping in section. 7. C. lacrimans 

6* Apical lamina of megasporophyll > 80 mm long.4. C. aenigma 

5* Lateral spines on megasporophylls indistinct. 9. C. edentata 


# this species, native to Japan and China, is widely cultivated throughout The Philippines. It is 
not discussed any further in this treatment. 
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A. Section WADEAE 

Cycas section Wadeae K.D.Hill & A.Lindstrom, sect. ttov. 

Inter genus sclerotesta valde longitudinaliter costata distinguenda. 

Cycas section Indosinenses subsection Wadeanae K.D.Hill, abstract in Programme for 
Cycad 93 Third International Conference on Cycad Biology 15-16 (1993), nom. nud. 

Cycas section Panzhihuanenses subsection Wadeanae (K.D.Hill) D.Y.Wang, Cycads 
China 27 (1996), nom. inval. 

Type: C. wadei Merr. 

This section is defined by the soft, waxy male cones and microsporophylls, the pectinate 
megasporophyll apices, the glabrous ovules, and the yellow seeds with a non-fibrous 
sarcotesta and a strongly longitudinally ribbed sclerotesta. The group is taxonomically 
somewhat isolated and includes only three Philippine endemic species. 

1. Cycas wadei Merrill, Philipp. J. Sci. 60(3): 234-236, PI. 1—4 (1936). 

Type: Philippines, Luzon, Culion, Cogonal Grande, W.H. Brown s.n. (iso NY, GH, B, G, 

K, L, MO, P). The holotype at PNH is missing (or was destroyed in WW2). 

Cycas circinalis subsp. riuminiana var. curranii forma graminea J. Schust., Pllanzenr. 99: 
69 (1932). 

Lectotype (here designated): Philippines, Luzon, Culion Island, Halsey Harbor near 
‘Holsey Harbor’ (Halsey Harbour), 11 Feb 1902, E.D. Merrill 657 (lecto NY; isolecto K, 

L, US). There is no indication by Schuster that he saw any of these sheets and his main 
material may or may not have been destroyed in Berlin during WW2 hence a lectotype 
has been chosen. 

Literature: Foxworthy (1911, as C. sp. aff. cairnsiana and C. sp. ( Culion)), Merrill (1923, 
as C. cairnsiana), Dehgan and Yuen (1983), Zamora and Co (1986), Amoroso (1986). 

Illustrations: Merrill (1936), Amoroso (1986). 

Etymology: honouring US-born medical doctor working in the Philippines Dr H.W. 
Wade, the person who brought this species to the attention of its author. 

Vernacular: Tagalog— bay it (pref. to bait, vait), oliva (plant, pref. to oliba, uliba, uliva), 
pitogo (seed, pref. to bitogo, patubo, pitugo, potago ) (Amoroso 1986, Bonta 8c Osborne 
2007). 

Stems arborescent, to 5 m tall, 10-20 cm diam. at narrowest point; 30-100 leaves 
in crown. Leaves deep green or grey-green, semiglossy 75-180 cm long, slightly to 
moderately keeled in section (opposing pinnae inserted at 90-150° on rachis), with 
160-208 leaflets, tomentum shedding as leaf expands or partly persistent; rachis usually 
terminated by a spine, 2-30 mm long; petiole 20-40 cm long, glabrous, spinescent for 
60-100% of length; basal leaflets not gradually reducing to spines 80-180 mm long. 
Median leaflets simple, strongly discolorous 150-290 mm long, 3-8 mm wide, inserted 
at 50-60° to rachis, narrowed to 2.5-3 mm at base (to 35-40 % of maximum width), 
5-8 mm apart on rachis; section fiat or slightly keeled; margins flat; apex aristate, 
spinescent; midrib raised above, flat below, narrow. Cataphylls narrowly triangular, soft, 
pilose, 70-90 mm long. Pollen cones fusiform, green or cream, 40-70 cm long, 7-10 
cm diam.; microsporophyll lamina waxy, not dorsiventrally thickened, 21-30 mm long, 
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15-18 mm wide, fertile zone 25 mm long, sterile apex 6 mm long; apical spine absent 
or rudimentary, deflexed. Megasporophylls 14-22 cm long, brown-tomentose; ovules 
2-4, glabrous; lamina orbicular, 70-100 mm long, 55-80 mm wide, deeply pectinate, 
with 20-30 soft lateral spines 14-35 mm long, 1-2 mm wide; apical spine distinct 
from lateral spines, 26-45 mm long, 9-14 mm wide at base. Seeds subglobose to ovoid, 

17-40 mm long, 15-30 mm wide; sarcotesta yellow, not pruinose, 3-4 mm thick, fibrous 
layer absent; sclerotesta longitudinally ribbed; spongy endotesta absent. 

Historical notes: described as a new species in 1936 by American botanist E.D. 
Merrill. This species was first reported by Foxworthy (1911), who recorded it as sp. aff. 
C. cairnsiana on the basis of observations and collections made by Merrill, who had 
collected sterile material on an excursion inland from Halsey Harbour on 11 Feb 1902 
(Merrill 657), and observed that his collection most resembled material of C. cairnsiana 
when at Kew in 1908 (op. cit.). Merrill also later recorded this species as possibly being 
C. cairnsiana (1923), although the same year, he obtained more complete material via 
Dr Wade that clearly showed that the two were not the same. Wade had transplanted 
a number of plants to the Culion leper colony, and from them seeds were furnished to 
the botanic gardens at Kew, New York and Berlin. 

Schuster (1932) attached an unwieldy and quite nonsensical quadrinomial to this taxon, 
using Merrill’s original collection ( Merrill 657) as the type. In placing this within his 
elaborate hierarchy under C. circinalis, he showed just how little he understood of this 
plant, which in fact belonged in a different section of the genus as he had divided it. 

Merrill in the meantime had received more material from Dr A. W. Herre of Culion, which 
prompted him to look more closely at this taxon. On obtaining more comprehensive 
collections from W.H. Brown and realising its very distinctive nature, he described it as 
a new species in 1936, designating the Brown material as ‘the type collection’. There has 
been little subsequent disagreement with this recognition, although Zamora and Co 
(1986) listed plants from Palawan under C. wadei that are quite distinct (see C. curranii). 

Seeds have been quite widely distributed over the years, and a number of mature plants 
are present in collections around the world. Fairchild Tropical Garden in Miami has 
been distributing seeds from their cultivated plants in recent years. Large quantities 
of seed collections from the wild were distributed in the early 1990’s, and plants from 
these are now abundant in cultivation. 

Distinguishing features: readily distinguished by the combination of the symmetrically 
ribbed sclerotesta and the narrow leaflets. C. curranii shares the ribbed sclerotesta, 
although seeds of the latter are twice as large as those of C. wadei. C. curranii also has 
leaflets that are about twice as broad. C. saxatilis also has wider leaflets and less keeled 
leaves. 

Distribution and habitat: known only from Culion Island (Fig. 1), on low hills inland 
from Halsey Harbour on the west of the island. It occurs in a large open area of Imperata 
grassland locally known as the ‘cogonal grande’ or ‘patag grande’. This is a seasonally 
dry area that suffers frequent grassfires, and the narrow leaflets would appear to be 
a parallel adaptation to seasonally xeric conditions similar to that seen in Australia 
(C. cairnsiana, C. calcicola) and India (C. beddomei). 

Conservation status: although restricted, the population numbers in excess of 5000 
plants, exhibits no signs of decline, and shows active recruitment with all age classes 
well represented. However, the land is apparently privately owned and not secure in any 
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way. Although at present not threatened, any change in land use could seriously affect 
the conservation status of this species. Ver 3.1:IUCN (2001) status is DD (Donaldson 
2003). Recommended status would be NT. 

Selected specimens: PHILIPPINES: Culion: Brown s.n. (GH); Cogonal Grande, Herre 1061, 27 
Apr 1931 (A); Patag, Fernando 1611, 1612, 22 Jun 2001 (LBC). 

Mindoro: Oriental prov., Mansalay, fide Zamora & Co (1986); no voucher. Cult.: Manilla, Fenix 
121, 12 Apr 1938 (A); Inst Sci. Manilla, Quisumbing PN FI4476, 10 May 1948 (L); Inst Sci. Manilla, 
QuisumbingPNH 12163, 8 Dec 1953 (A); Manilla, QuisumbingPNH 16845, Jul 1953 (A). 

2. Cycas curranii (J.Schust.) K.D.Hill, Proc. Third Int. Conf. Cycad Biol.: 150 (1995). 

Cycas circinalis subsp. riuminiana var. curranii J.Schust., Pflanzenr. 99: 69 (1932). 

Type: Philippines, Palawan, Molinao River, on river bank, Mar 1906, H.M. Curran 3842 
(iso K, P). The holotype at PNH is missing (or was destroyed in WW2) and there is no 
way of knowing whether Schuster had other material at Berlin that also may have been 
destroyed during WW2. 

Literature: Foxworthy (1911, as C. sp. Palawan), Merrill (1923, as C. sp. Palawan), 
Zamora & Co (1986, as C. wadei in part). 

Illustrations: Zamora and Co (1986), Foxworthy (1911 as C. sp. Palawan, Plate 
XXVII) 

Etymology: honouring US-born forester Hugo M. Curran, collector of the type 
specimen. 

Stems arborescent, to 1-8 m tall, 14—25 cm diam. at narrowest point; growing in soil 
or humus; base not strongly swollen; bark thick and corky; 30-120 leaves in crown. 
Leaves deep green or grey-green, highly glossy to semiglossy, 180-260 cm long, slightly 
keeled or flat (not keeled) in section, opposing leaflets inserted at 150-180° on rachis), 
with 150-360 leaflets, with white or orange tomentum shedding as leaf expands; rachis 
usually terminated by paired leaflets; petiole 35-55 cm long (15—30% of total leaf), 
glabrous, spinescent for 70-100% of length; basal leaflets not gradually reducing to 
spines, 90-230 mm long. Median leaflets simple, strongly discolorous, 210-310 mm 
long, 10-14 mm wide, inserted at 40-80° to rachis, narrowed to 2.5-3 mm at base 
(to 15-30% of maximum width), 10-16 mm apart on rachis; section flat; margins 
flat, not undulate; apex acute, not spinescent; midrib raised above, flat below, narrow. 
Cataphylls narrowly triangular, soft, pilose, 100-130 mm long. Pollen cones fusiform, 
green or cream; microsporophyll lamina soft, not dorsiventrally thickened; raised; 
apical spine absent or rudimentary, deflexed. Seed cones closed at pollination, closed at 
seed set. Megasporophylls c. 21 cm long, grey-tomentose, tomentum shedding; ovules 
2-6, glabrous; lamina orbicular, c. 100 mm long, c. 70 mm wide, deeply pectinate, with 
c. 32 soft lateral spines c. 20 mm long, c. 5 mm wide; apical spine distinct from lateral 
spines, c. 15 mm long, c. 17 mm wide at base. Seeds subglobose to ovoid, c. 48 mm 
long, c. 40 mm wide; sarcotesta yellow, not pruinose, fibrous layer absent; sclerotesta 
longitudinally ribbed; spongy endotesta absent. 

Historical notes: the first record of a distinctive cycad from Palawan was by American 
Botanist Merrill, who recorded a distinctive species without a name from Palawan, 
collected by Curran in 1906 (in Foxworthy 1911, Merrill 1923). German botanist 
Julius Schuster devised the above quadrinomial based on the same specimen (1932). 
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This in no way reflects the relationships and affinities of C. curranii, and this taxon was 
generally ignored subsequently until raised to species rank in 1995 by Hill. Zamora 
and Co (1986) listed plants from Palawan as C. wadei , a closely related species. De 
Laubenfels and Adema (1998) included material of C. curranii with quite unrelated 
material in a confused circumscription of C. silvestris (here regarded as an Australian 
endemic). 

Large quantities of large seeds from the wild were distributed in the early 1990’s, and 
plants from these are now abundant in cultivation. 

Distinguishing features: readily distinguished by the combination of the symmetrically 
ribbed sclerotesta and the broad leaflets. Only C. wadei shares the ribbed sclerotesta, 
although seeds are half as large as those of C. curranii , and leaflets are narrower. 

Distribution and habitat: known only from Palawan Island, apparently an ultramafic 
endemic, mostly on steep slopes on ultramafics, occasionally on alluvial outwash 
from ultramafic hills. This species occurs as an understorey plant in rich mixed closed 
forests, and has been recorded from Puerto Princessa, Aborlan and Narra municipalities 
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Fig. 1. Distribution of the genus Cycas in The Philippines. 
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Conservation status: widespread over a considerable area, although typically in low 
population densities. The forest habitat is disturbed in areas at lower elevation and 
near the coastal plain, but more intact further inland, and large populations probably 
remain. Ver 3.1:IUCN (2001) status is DD (Donaldson 2003). Recommended status 
would be NT. 

Selected specimens: PHILIPPINES: Palawan: Narra, Mt Victoria, Trident Mining Co area, 
alluvial fan at base of ultrabasic mountain, Podzorski SMH1 2119, 19 May 1984 (L); Narra, 
Upper Lapu Lapu (old trident mining area), Fernando 1613, 26 fun 2001 (LBC); Narra, cult, 
in Antiputuan village, collected from hills to west, Fernando 1614, 26 Jun 2001 (LBC); Aborlan, 
Tabyay River, Baranguy Cabigaan locality, Fernando 1615, 26 Jun 2001 (LBC). 

3. Cycas saxatilis K.D.Hill & A.Lindstrom, sp. nov. 

Inter species sectionem Wadearum habitatione in rupibus calcareis, strobilis masculis 
angustioribus praelongisque, microsporophyllis apice non spinosis, megasporophyllis 
reductis spinis apicalibus elongatis instructis distinguitur. 

Type: Philippines, Palawan, St Pauls Bay, major outcrop to SE, pendulous on limestone 
cliff face, Podzorski SMH12035, 6 Apr 1984 (holo L). 

Etymology: from the Latin saxatilis, dwelling among rocks, in reference to the soil-free 
cliff-face habitat. 

Stems arborescent, to 0.5—4 m tall, 20-25 cm diam. at narrowest point,; growing on 
bare vertical cliffs; base not strongly swollen; bark thin and smooth. Leaves bright 
green, highly glossy, 160-190 cm long, slightly keeled or flat in section (opposing 
leaflets inserted at c. 150°-180° on rachis), with 170-380 leaflets, tomentum shedding 
as leaf expands; rachis consistently terminated by paired leaflets; petiole 40-60 cm 
long (25-35% of total leaf), glabrous, spinescent for 50-90% of length; basal leaflets 
not gradually reducing to spines, 150-230 mm long. Median leaflets simple, strongly 
discolorous, 220-340 mm long, 9-12 mm wide, inserted at 50-75° to rachis, decurrent 
for 3-5 mm, narrowed to 2.5-3 mm at base (to 20-25% of maximum width), 
10-17 mm apart on rachis; section flat; margins flat, or slightly recurved, not undulate; 
apex acute, not spinescent; midrib raised above, raised below, narrow. Pollen cones 
ovoid, cream or green, c. 49 cm long, c. 5 cm diam; microsporophyll lamina soft, not 
dorsiventrally thickened; level; apical spine rudimentary, upturned. Megasporophyll 
and seeds not seen. Fig. 2. 

Distinguishing features: it distinguished from all other species in the region 
by the limestone cliff habitat, the narrow pollen cones with no apical spines on 
microsporophylls.. 

The type specimen consist of leaves and a male cone which most closely matches 
C. curranii. C. curranii is tall growing and erect on serpentine soil in rainforest, however 
the plants that were observed growing at St Pauls Bay are pendulous on limestone cliffs 
in exposed places and this field observation has lead to the conclusion that they are 
two different taxa, even though complete material of C. saxatilis (i.e. female cones and 
seeds) have not been seen. 

Distribution and habitat: known only from limestone outcrops of the St Pauls 
Mountain massif on Palawan (Fig. 1). This species grows in crevices in vertical limestone 
cliffs with no soil. 
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Conservation status: although it is known from a single locality, this mountain area is 
quite extensive, and plants are abundant in large, undisturbed populations in the most 
inaccessable sites. Most of the range is also included in the St Pauls Bay National Park. 
This species is not regarded as a threatened species. Recommended Ver 3.1 :IUCN(2001) 
status would be LC. 

Selected specimens: PHILIPPINES: Palawan: Road to St Pauls Bay, Hill & Lindstrom 
s.n., 25 Jun 2001 (sight record only, no voucher). 

B. Section CYCAS 

Section Lemuricae J.Schust., Pflanzenr. 99: 65 (1932), nom. illegit. 

Section Cycas is defined by the combination of glabrous ovules and a non-pectinate 
megasporophyll lamina. Three subsections are recognised, circumscription following 
Hill (1995), with two occurring in The Philippines. The full range of the section is from 
India and southern Indochina south to Australia, and from East Africa east to Tonga. 

Key to the Subsections of Section Cycas occurring in The Philippines 

1 Seeds with a thick (buoyant) spongy layer inside the sclerotesta . Subsection Rumphiae 

1* Seeds with a thin (not buoyant) or absent spongy layer. Subsection Cycas 



Fig. 2. Cycas saxatilis. Habitat sketch (from K. Hill slide 25.06.2001, Hill & Lindstrom s.n.). 
No scale. 
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Cycas subsection Cycas 

This subsection of about 15 species is defined by the absence of a spongy endotesta, 
and the narrow megasporophyll lamina. It ranges from India and Sri Lanka to Luzon, 
south and east to New Guinea. Most representatives are plants of closed forests, usually 
on ridges away from the coast. Five species occur in The Philippines. 

4. Cycas aenigma K.D.Hill & A.Lindstrom, sp. tiov. 

Inter species philippinenses combinatione characterum sequentium distinguitur: 
strobili masculi robusti; microsporophylla apice spinis magnis longioribus robustisque; 
megasporophylla apice elongato attenuatoque et spinis lateralibus elongates instructa. 

Type: Philippines, Palawan, cult. Puerto Princessa city, Fernando 1617, 26 Jun 2001 
(holotype LBC). 

Etymology: from the Latin aenigma, to speak darkly, the root of the Engish word 
enigma, a thing which cannot be satisfactorily explained; a puzzle; a reference to our 
knowledge of this particularly distinctive species only as a cultivated plant. 

Stems arborescent, to 0.5-4 m tall, 20-25 cm diam. at narrowest point; growing in soil; 
base not strongly swollen; bark thin and smooth. Leaves bright green, highly glossy, 
200-290 cm long, flat (not keeled) in section (opposing leaflets inserted at 180° on 
rachis), with 300-380 leaflets, tomentum shedding as leaf expands; rachis consistently 
terminated by paired leaflets; petiole 40-60 cm long (15-20% of total leaf), glabrous, 
spinescent for 90-100% of length; basal leaflets not gradually reducing to spines, 
220-230 mm long. Median leaflets simple, strongly discolorous, 300-340 mm long, 
10-13 mm wide, inserted at 60-75° to rachis, decurrent for 3-5 mm, narrowed to 
2.5-3 mm at base (to 20-30% of maximum width), 10-12 mm apart on rachis; 
section flat; margins flat or slightly recurved, not undulate; apex acute, not spinescent; 
midrib raised above, raised below, narrow. Cataphylls narrowly triangular, soft, 
pilose, 70-100 mm long. Pollen cones ovoid, green or cream, c. 34 cm long, c. 16 cm 
diam.; microsporophyll lamina firm, not dorsiventrally thickened, c. 80 mm long, 
c. 25 mm wide; fertile zone c. 29 mm long, level; apical spine prominent, gradually 
raised (spreading), c. 47 mm long. Megasporophylls 36-40 cm long, brown-tomentose, 
tomentum shedding; ovules 4-6, glabrous; lamina lanceolate, 220-240 mm long, 
35-40 mm wide, deeply pectinate or shallowly pectinate, with 24-34 pungent lateral 
spines 16-25 mm long, 3-4 mm wide; apical spine distinct from lateral spines, 
110-140 mm long, 6-7 mm wide at base. Seeds not observed. Fig. 3. 

Historical notes: this singular and distinctive species was not recognised as new until 
2001, in cultivation in Puerto Princessa City, and has remained undescribed until now. 

Distinguishing features: it is distinguished from all other species in the region by the 
robust pollen cones with stout, spreading apical spines on microsporophylls and the 
open seed cones with long megasporophylls and very long attenuate megasporophyll 
apices with long slender lateral spines. The stout, spreading spines resemble those seen 
in C. circinalis and allies from peninsular India and C. pranburiensis from Thailand, 
but none of these species show the green colour in the male cone or the long-attenuate 
megasporophyll. It is however, grouped with these species in subsection Cycas on the 
basis of the shared microsporophyll character. 
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L.ZIbijoo? 


Fig. 3. Cycas aenigma. a, habit, b, c, d, male sporophyll. e, female sporophyll (a,b,c,d from K. Hill 
slides of Fernando E 1617, e from K. Hill slide of Fernando E 1618). Scale bar: a = no scale; b,c,d 
= 4 cm; e = 6 cm. 
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Distribution and habitat: not known. This species is known only in cultivation in 
Puerto Princessa City on Palawan Island. It is not known if the plants originated on 
that island, but this seems probable. 

Conservation status: Unknown. Recommended Ver 3.1:IUCN(2001) status would be 

DD. 

Selected specimens: PHILIPPINES: Palawan: cult. Puerto Princessa city, Fernando 1618, 26 Jun 
2001 (LBC). 

5. Cycas riuminiana Porte ex Regel, Gartenflora 12: 16-17 (1863). 

Cycas circinalis subsp. riuminiana (Porte ex Regel) J. Schust., Pflanzenr. 99: 68 (1932). 

Type: ex horto bot. Petropolitano leg. ign. 62.10 (K). De Laubenfels and Adema (1998) 
designated this specimen as a lectotype, however the status of this specimen as original 
material is uncertain as there is no date on the sheet nor is it clear that Porte or Regel 
were the collectors (even though their names appear on the label). No type was cited in 
the original description. It is likely that Regel described the species from living plants 
in cultivation at the Imperial Botanic Garden in St Petersburg (see below). Given this 
uncertainty, it is probably better to consider this sheet as a neotype under the ICBN 
(Art. 9.8) 

Cycas chamberlainii W.H.Brown 8c Kienholz, Philipp. J. Sci. 26: 47-48, plate 1-2, fig. 1 
(1925). 

Cycas circinalis subsp. riuminiana var. curranii forma chamberlainii (W.H.Brown 8c 
Kienholz) J. Schust., Pflanzenr. 99: 69 (1932). 

Type: Philippines, Luzon, Pampanga Prov., Mt. Arayat, 23 May 1923, Brown & Kienholz 
Bur. Sci. 42539 (iso NY, A, K, BM, L, P, US). The holotype at PNH is missing (or was 
destroyed in WW2). 

Literature: Lemaire (1864), de Candolle (1868), Miquel (1868), Regel (1876), Foxworthy 
(1911, in part as C. circinalis), Merrill (1923, as C. rumphii), Amoroso (1986, in part as 
C. circinalis and also as C. chamberlainii), Zamora and Co (1986, as C. chamberlainii), 
de Laubenfels and Adema (1998). 

Illustrations: Regel (1863), Lemaire (1864, plate 405), Foxworthy (1911 as C. circinalis, 
fig 1), Brown and Kienholz (1925, figs 1 8c 2), Amoroso (1986, figs 5, 7-9, 27-30 as 
C. circinalis and figs 4,4-16, 39-41 as C. chamberlainii). 

Etymology: honouring - Riumin, president of the Moscow Horticultural Society. 

Vernacular Ilocano— sawang (pref. to sauang ); Tagalog— bay it (pref. to bait, vait), oliva 
(plant, pref. to oliba, uliba, uliva), pitogo (seed, pref. to bitogo, patubo, pitugo, potago), 
tamok (Merrill 1923, Zamora 8c Co 1986, Amoroso 1986, Bonta 8c Osborne 2007). 

Stems arborescent, to 8 m tall, 5-10 cm diam. at narrowest point. Leaves bright green, 
highly glossy or semiglossy, 100-190 cm long, flat (not keeled) in section (opposing 
pinnae inserted at 180° on rachis), with 120-240 leaflets, tomentum shedding as leaf 
expands; petiole 25-55 cm long (20-35% of total leaf), glabrous, spinescent for 10- 
100% of length; basal leaflets not gradually reducing to spines, 150-170 mm long. 
Median leaflets simple, weakly discolorous, 210-310 mm long, 7.5-13 mm wide, 
inserted at 45° to rachis, decurrent for 6 mm, narrowed to 2-5 mm at base (20-45% 
of maximum width), 9-18 mm apart on rachis; section flat; margins slightly recurved; 
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apex aristate, not spinescent; midrib raised above, raised below. Cataphylls linear, 
pungent, pilose. Pollen cones ovoid to fusiform, orange or brown, c. 20 cm long, c. 6 cm 
diam.; microsporophyll lamina firm, not dorsiventrally thickened, c. 23 mm long, 
c. 17 mm wide, fertile zone c. 18 mm long, sterile apex c. 5 mm long, level, apical spine 
prominent, sharply upturned, c. 11 mm long. Megasporophylls 15-24 cm long, brown- 
tomentose; ovules 4-10, glabrous; lamina lanceolate to elliptical, 43-65 mm long, 
15-30 mm wide, shallowly pectinate; with 10-30 pungent lateral spines 2—13 mm long, 
1—1.5 mm wide; apical spine distinct from lateral spines, 15-32 mm long, 4-6 mm 
wide. Seeds ovoid, 31-41 mm long, 24-26 mm wide; sarcotesta yellow, 3 mm thick, 
fibrous layer absent; sclerotesta smooth; thin, spongy endotesta present. 

Historical notes: described in 1863 by German-born botanist Eduard Auguste von 
Regel (1815-1892), Scientific Director and later Director of the Imperial Botanic 
Garden in St Petersburg, 1855-1892. No type was cited. Plants were imported from 
Manila by Porte and sold by the Moscow Horticultural Society through the Belgian 
horticultural trading firm of Verschaffelt. In 1864 Lemaire published a description 
with a colour plate in L’lllustration Horticole. This species was listed by De Candolle 
(1868) as “species minus notae” (species without distinction), De Candolle also stated 
that there was no obvious distinction from C. cirdnalis or C. rnmphii. Miquel (1868) 
repeated De Candolle’s descriptive notes. Foxworthy in 1911 cited numerous specimens 
under C. circinalis, some of which could possibly represent C. riuminiana. This name 
was ignored by Merrill until listed as a synonym of C. rumphii in 1923, although Merrill 
had noted small-fruited specimens from Mindoro and the Mt Marivcles and Batangas 
districts of Luzon. The name was ignored by Zamora and Co (1986) and Amoroso 
(1986); this taxon was treated as C. circinalis in both publications. 

This species was then described as C. chamberlainii in 1925 by William H. Brown, 
Director of the Philippine Bureau of Science, and Raymond Kienholz, Professor of 
Botany at the University of the Philippines, who also collected the type specimens. 
The authors noted that ‘it has been known for some time that ... there was a slender 
mountain form with small seeds which was possibly, or probably, a distinct species’, 
after Merrill (1923). They made no reference to C. riuminiana, and may have been 
unaware of this name. 

Schuster (1932) treated C. riuminiana as a form of C. circinalis, and segregated 
C. chamberlainii as C. circinalis subsp. riuminiana var. curranii forma chamberlainii. 

Both Amoroso (1986) and Zamora and Co (1986) accepted C. chamberlainii as a distinct 
species, under a restricted circumscription including only the Mt Arayat collections, 
treating other material here regarded as conspecific as C. circinalis. 

De Laubenfels and Aderna (1998) treated C. chamberlainii as a synonym of 
C. riuminiana, and included material now known as C.falcata from Sulawesi, Indonesia, 
in a wide and unclear circumscription. 

Distinguishing features: distinguished in the Philippines by the narrow leaflets with a 
midrib strongly raised above, long sharp cataphylls, and megasporophylls with up to 30 
lateral spines 2-13 mm long and a distinct slender apical spine up to 32 mm long. 

Distribution and habitat: an inland species of forested areas on ridges and mountains, 
in closed mixed evergreen forests usually on steep slopes. Abundant on northern Luzon, 
south at least to Batangas (Fig. I). Seeds in wide circulation in horticultural circles in the 
1990’s as “Philippines small seed” apparently belong with this species. These were said 
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to have come from Mindoro, but this has not been confirmed. The mature plants now 
in cultivation appear to differ slightly from C. riuminiana from Luzon (They are more 
robust with larger seeds), but would seem to fit within an overall range of variation. 
More field study is obviously required on Mindoro, but this is at present not possible. 

Conservation status: although C. chamberlainii was reported to have been destroyed 
in the original habitat by clearing for agriculture and given a 1997 IUCN Red List of 
Threatened Plants category V, this species actually remains in abundance in healthy 
populations on Mt Arayat, as well as in many other montane forest areas. Vcr 3.1:IUCN 
(2001) status is DD (Donaldson 2003). Recommended status would be LC. 

Selected specimens: PHILIPPINES: Luzon: Isabela Prov., Mt Dipalayag, Sierra Madre Range, 
16°57'N 122°14'E, Co 3342, 21 Feb 1991 (A, PNH, L); Pampanga Prov., Arayat, Loher 4844, Jun 
1896 (K, L); Pampanga Prov., Mt Arayat, McGregor BS 42080, Mar 1923 (K, L); Pampanga Prov., 
Mt Arayat, southern ecotrail, Fernando 1608, 19 Jun 2001 (LBC); Bataan Prov., Lamas, Curran 
FB 7513, 19 Apr 1909 (K); Bataan Prov., Lantao River, Mt Mariveles, hill forest, 2000 ft , Merrill 
3257, Oct 1908 (BM, K, NY, P); Bataan Prov., Mt Mariveles, Lantao River, Meyer FB 2577 (K, 
NY); Bataan Prov., Lamao River, Whitford 1235, May 1905 (K, NY); Batanes Prov., Batan Island, 
Ramos BS 80613, Jun-Jul 1930 (K, NY); Batangas Prov., Bugaan East, Laurel, cult, in village, coll, 
on Mt Tagaytay, Fernando 1604, 16 )un 2001 (LBC); Batangas Prov., Ramos BS 22391, Jul-Aug 
1914 (A, BM, K, L, NSW, NY); Cagayan, fide Amoroso (1986), no voucher; Cavite, fide Amoroso 
(1986), no voucher; Laguna, fide Amoroso (1986), no voucher. Cult.: Merrill Sp. Blancoanae 855, 
Mar 1915 (A, BM, BO, K, L, NSW, NY); cult. Kew, 19 Jan 1897 (K); Manilla & vicinity, Merrill 
9795, Dec 1914 (A, BM, BO, L, NY, P); ex horto Bot. Petropolitano, leg. ign. 70.7 (LE). 

6. Cycas vespertilio A.J.Lindstrom 8c K.D.Hill, sp. nov. 

Inter species philippinenses combinatione characterum sequentium distinguitur: 
foliola lata, megasporophylla elongata ad apicem alata. 

Type: Philippines: Panay: Iloilo, Barotac Viejo, Barangay Lipata, Sitio Nagpana, Mt. 
Opao, Lindstrom AL 06/008 ,4 Mar 2006 (holotype LBC; iso NSW, BKF). 

Etymology: the specific epithet is from the Latin vespertilio, a bat, from vesper (evening), 
literally ‘the little one of the evening’, in reference to the wing-like extensions on the 
megasporophyll apex. 

Stems arborescent, to 1-3 m tall, 12-20 cm diam. at narrowest point; base not strongly 
swollen; bark thin with persistent cataphylls. Leaves bright green, glossy, 128-210 cm 
long, flat (not keeled) in section, with 93-117 leaflets tomentum shedding as leaf 
expands; petiole 46-52 cm long, shedding brown tomentum, spinescent for 90-100% 
of length; basal leaflets not gradually reducing to spines, 180-200 mm long. Median 
leaflets simple, not discolorous, keeled in transect, 270-290 mm long, 10-13 mm wide, 
narrowed to 2-3 mm at base, 10-14 mm apart on rachis; section flat; margins edged, 
or slightly recurved, undulate; apex acute, not spinescent; midrib raised above, raised 
below, narrow. Cataphylls broadly triangular, stiff, pilose, 55-60 mm long. Pollen cones 
not seen. Megasporophylls 17-19 cm long, cream-tomentose, tomentum not shedding; 
ovules 6-7, glabrous; lamina rhomboid, winged, 160-180 mm long, 32-35 mm wide, 
lateral spines 2, broad, flattened 8c wing-like; apical spine distinct from lateral spines, 
35-38 mm long, 3-5 mm wide at base. Seeds obovoid, c.36 mm long, 27 mm wide; 
fibrous layer absent; sclerotesta smooth; spongy endotesta present, thin (see discussion 
under C. zambalensis). Fig. 4. 
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Fig. 4. Cycas vespertilio. a, sketch of habit (from A. Lindstrom slide), b, female sporophyll. c, part 
of leaf, d, cross-section of leaflet. (b,c,d,from Lindstrom AL 06/008), e, seed (from NSW 638085). 
Scale bar: a = no scale, b = 4 cm, c = 10 cm, d = 1 cm, e = 4 cm. 
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Historical notes: although first collected in 1928 by Edano, this taxon was not recognised 
as a distinct species until 2006. 

Distinguishing features: the megasporophylls with two lateral wings distinguish this 
from all other Philippine cycads. The seeds are obovoid and somewhat dorsiventrally 
flattened. 

Distribution and habitat: Philippines, hill forests of Panay, Negros, Cebu, Leyte, Samar 
and southernmost Luzon (Fig. 1). Seasonally deciduous forest with Pterocarpus indicus 
and bamboo. Yellow clay overlying sandstone or volcanic cinders. Southwest facing 
slopes sometimes in full sun but more often in shaded situations. 

Conservation status: taking the wide distribution range in account the species is not under 
immediate threat. However, deforestation on Negros, Panay and Leyte is already extreme 
and little habitat is left. Recommended Ver 3.1 :IUCN(2001) status would be NT. 

Selected specimens: PHILIPPINES: Leyte: Gigantangan (? Hingatungan), Kondo & Edano PNH 
36862, 30 Mar 1957 (L). Luzon: Panagan River, Camarines Sur, Edano BS 76373, Dec 1928 (BO, G, 
NY). Marinduque:Torrijos, Bonliw,Talisay, Fernando 606,7 Aug 1996 (LBC718I, K?). Mindoro: 
Mt Yagaw, E slope, Conklin PNH 18682, 27 Jul 1953 (A, L); Mt Yagaw, E slope, edge of mangrove 
swamp, Conklin PNH 37914, 12 Apr 1958 (A, L). Negros: Negros Oriental, cult, in house, not of 
confirmed origin but said to have been collected from the extreme south of the island, Lindstrom 
AL06/006, 3 Mar 2006 (NSW). Panay: Nagpana, Barotac Viejo, Iloilo, 11°02'N 122°15'E ,Madulid 
7232, 15 Nov 1989 (A). Cult.: Pasay City, Mendoza PNH 37074, 2 Jul 1956 (BM, L). 

7. Cycas lacrimans AJ.Lindstrom & K.D.Hill, sp. tiov. 

Inter species philippinenses combinatione characterum sequentium distinguitur: 
foliola demissa; megasporophylla elongata spinis lateralibus reductis; fructus non 
spongiosus. 

Type: Philippines: Mindanao: Davao, Mati, Ramos & Edano BS 48953, Mar—Apr 1927 
(holo NY, iso BM, BO, P). 

Etymology: the specific epithet is from the Latin lacrimans, crying, in reference to the 
drooping or weeping habit of the leaves. 

Stems arborescent, to 1-2 m tall, 18-20 cm diam. at narrowest point; base not strongly 
swollen; bark thin with persistent cataphylls. Leaves glossy green, 168-200 cm long, flat 
(not keeled) in section, with 76-85 leaflets; petiole 45-50 cm long, lacking tomentum, 
spinescent for 90-100% of length with needle-like stout 6 mm long spines; basal 
leaflets not gradually reducing to spines, 170-190 mm long. Median leaflets simple, 
discolorous underneath, 280-320 mm long, 7-13 mm wide, narrowed to 2-3 mm at base, 
12-14 mm apart on rachis; section recurved; margins folded, not undulate; apex acute, 
not spinescent; midrib sunken above, raised below. Cataphylls broadly triangular, stiff, 
pilose, 55-60 mm long. Pollen cones ovoid, light brown, c. 42 cm long, c.16 cm diam.; 
microsporophyll lamina firm, not dorsiventrally thickened, c. 34 mm long, 19 mm 
wide, fertile zone 34-38 mm long, sterile apex 1-2 mm long, level; apical spine very 
slender, 12-17 mm long. Megasporophylls c. 37 cm long, cream-tomentose, tomentum 
not shedding; ovules 4-6, glabrous; lamina triangular, c. 55 mm long, c. 20 mm wide, 
lateral spines shallowly pectinate; with 15-24 pungent lateral spines 3-8 mm long, 
1-2 mm wide; apical spine distinct from lateral spines, 35-38 mm long, 3-5 mm 
wide at base. Seeds oblong, c. 40 mm long, c. 20 mm wide; sclerotesta smooth; spongy 
endotesta absent. Fig. 5. 
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Fig. 5. Cycas lacrimans. a, sketch of habit (from A. Lindstrom slide), b, part of leaf, c, cross- 
section of leaflet (from Lindstrom AL 06/004). d, male sporophyll (from NY digital image of NY 
sheet of Ramos & Edano 48953). e, female sporophyll (reconstructed from Lindstrom AL 07/018). 
Scale bar: a = no scale, b = 10 cm, c - 0.6 cm, d = 6 cm, e = 3 cm. 
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Historical notes: although first collected in 1927 by Ramos & Edano, this taxon was 
not recognised as a distinct species until 2006. 

Distinguishing features: the long megasporophylls with reduced lateral spines, the 
seeds with no spongy endotesta and the lax, drooping leaflets distinguish this from all 
other Philippine species. 

Distribution and habitat: Philippines, known at present only from hill forests of 
eastern Mindanao (Fig. 1). Serpentine soil. 

Conservation status: if restricted to this small area the species is in need of urgent 
protection insitu.Deforestationand other habitat destruction isextreme. Recommended 
Ver 3.1:IUCN(2001) status would be EN. 

Selected specimens: PHILIPPINES: Mindanao: Davao Oriental, Municipality of San Isidro, 
cult, in house at the foothill of Mt. Galintan, planted 1960’s, said to come from nearby now 
destroyed seaside, Lindstrom AL 06/004 , 29 Feb 2006 (NSW); Davao Oriental, Barangay Sto. 
Rosario, Mati district, Mt.Hamiguitan, Maeudlong Forest Reserve, Lindstrom AL 07/018, 12 Mar 
2007 (NSW); Davao, Mt Galintan, Ramos & Edano BS 48912, Jun 1927 (NY); Bukidnon, fide 
Amoroso (1986) as C. circinalis, no voucher; Surigao, fide Amoroso (1986) as C. circinalis, no 
voucher; Zamboanga, fide Amoroso (1986) as C. circinalis, no voucher. 

8. Cycas zambalettsis Madulid & Agoo, Blumea 50(3): 519-522 (2005). 

Type: Philippines, Zambales, San Antonio, Madulid & Agoo PNH 173358, 2005 (holo 
PNH). 

Illustrations: Madulid & Agoo (2005). 

Etymology: the specific epithet refers to the name of the locality, Zambales, where this 
population is located. 

Stems arborescent, to 3 nr tall, 15 cm diam. at narrowest point; base not strongly 
swollen. Leaves dark green, semiglossy, 100-190 cm long, keeled in section (opposing 
leaflets inserted at less than 180° on rachis), with 99-260 leaflets, with brownish 
tomentum not shedding as leaf expands; petiole 30-44 cm long ( 25-33% of total 
leaf), tomentose, spinescent for 60-80% oflength; basal leaflets not gradually reducing 
to spines, 130 mm long. Median leaflets simple, 120-260 mm long, 5-8 mm wide, 
5-10 mm apart on rachis; narrowed to 2.5 mm at base, margin straight; midrib flat 
above, raised below. Cataphylls narrowly triangular, needle-like, 60-70 mm long, stiff, 
pilose. Pollen cones brownish orange, ovoid to long ovoid, tapering, to 36 cm long, to 18 
cm diam.; microsporophyll lamina firm, not dorsiventrally thickened, 30-50 mm long, 
10-30 mm wide; apical spine prominent, sharply upturned or gradually raised, 5-25 mm 
long. Megasporophylls 22-35 cm long, densely brown-tomentose, tomentum persistent; 
ovules 4-6, glabrous; lamina ovate or lanceolate, 70-80 mm long, 40-50 mm wide, 
shallowly pectinate, with 20-34 pungent lateral spines 6-14 mm long, c. 1 mm wide; 
apical spine distinct from lateral spines, 30-35 mm long, 5-7 mm wide. Seeds flattened- 
ovoid, to 43 mm long, to 36 mm wide; sarcotesta yellow, not pruinose; fibrous layer 
absent; sclerotesta smooth; spongy endotesta present, thin. 

Historical notes: this endemic species was discovered and described in 2005. 

Distinguishing features: the species is easily distinguished from the other Philippine 
Cycas in having tomentose pinnae and rachis. The pinnae of C. zambalensis are also 
rigid and stiff, and the leaves are keeled. Based on these characteristics, the young 
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individuals of C. zambalensis resemble C. revoluta, a common ornamental plant in the 
country. 

Cycas zambalensis is very similar to C. riuminiana (syn: C. chamberlainii), also found in 
the Philippines, in having long petioles (at least 25 cm) and very woolly megasporophylls. 
The species differs from C. riuminiana in having narrower pinnae, longer than 
wide sterile apex of the megasporophyll, larger apical spine on the megasporophyll, 
persistently lanate megasporophylls, and tomentose leaflets and rachis. The hairs persist 
even in dried specimens. The pinnae are short, rigid and stiff, and the leaves are keeled. 
The seeds are slightly flattened. 

A spongy endotesta was observed in one cultivated individual ( Fernando 1605). This 
might represent present or past hybridization with subsection Rumphiae either in the 
ancestry of this group or this plant. 

Distribution and habitat: San Antonio, Kawag, Bucao, Zambales, NW Luzon. Endemic 

(Fig-1)- 

Cycas zambalensis is restricted to the ultrabasic grassy hills of Zambales, a distinct 
biogeographic region in the western part of Luzon Island. The plants are usually 
scattered wide apart on the hillsides and do not form distinct groups. Plants grow fully 
exposed to the sun and strong wind near the sea. 

The population dominates the seasonally dry, hilly grasslands of the Zambales 
Peninsula, which is distinct from the lowland evergreen rain forests of the Bataan- 
Zambales mountain range. The soils in the area are ultramafic and rich in chromite 
deposits. There are two pronounced seasons in the province: the dry season which is 
from November to April and the wet season for the rest of the year. Maximum rainfall 
occurs from June to September which coincides with the southwest monsoon. 

Conservation Status: the very limited distribution of C. zambalensis, changing land use 
of the habitat of the species, and increasing pressure from collection for the horticultural 
trade are serious threats to the species. It is considered a critically endangered species. 
The effect of occasional fire to the population has yet to be evaluated. Recommended 
Ver 3.1:IUCN(2001) status would be CR (Madulid & Agooo 2005). 

Selected specimens: PHILIPPINES: Luzon: Bataan Prov., Subic Bay Freeport zone, cult, in 
Summit Hotel complex, coll, just outside freeport zone, Fernando E 1605, 1606, 18 Jun 2001 
(LBC); Zambales, San Antonio district, Barangay Punakit, on the slopes of Mt.Anawangan, GPS: 
N 14°55.293'E 120°04.239' Alt. 300 m, Lindstrom AL 06/013, AL 06/014, 8 Mar 2006 (NSW); 
cultivated in the town of San Antonio, along the way to the beach, Lindstrom AL 06/015, 8 Mar 
2006 (NSW); Bataan, Subic bay district, cultivated outside the restaurant at Crown Peak Hotel 
within former US Navy base, Lindstrom AL 06/016, AL 06/017, 8 Mar 2006 (NSW). 

Cycas subsection Rumphiae K.D.Hill, Austral. Syst. Bot. 7: 548 (1994). 

Type: C. rumphii Miq., Bull. Sci. Phys. Nat. Neerl. 2: 45 (1839). 

This subsection is uniquely defined by the presence of a layer of spongy tissue within 
the seed. Microsporophylls are also distinctive, being more or less dorsiventrally 
thickened, with short or vestigial, sharply upturned apical spines. Another potentially 
synapomorphic character defining this group is the 2-year seed maturation 
period, although this has been confirmed only for C. seemannii, C. thouarsii and 
C. bougainvilleana. All other species of Cycas for which data is available have a seed 
maturation period of less than one year. 
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Distribution is very wide, extending from Africa to Fiji and Tonga, and from New 
Guinea north to southern coastal Indochina. Two species occur in The Philippines. 

The spongy endotesta causes seeds to be buoyant, and has been proposed as a dispersal 
mechanism (Dehgan & Yuen 1983). This dispersal mechanism has been interpreted as 
a cause of the taxonomic complexity of this group, with successive colonisation events 
producing the high local variability in some populations and the very different forms 
sometimes occurring in close proximity (Hill 1994, Fosberg & Sachet 1975). 

9. Cycas edentata de Laub., in De Laub. 8c Adema, Blumea 43: 372 (1998). 

Type: Philippines, Sulu Archipelago, Mt Cabucan, Kondo &Edano 38877, Jan-Feb 1957 
(holo L; iso A, BM). 

Cycas litoralis K.D.Hill, Brittonia 51(1): 70, fig. 11 (1999). 

Type: Thailand. Ao Manao Naol, Narathiwat, K.D. Hill 4627 & Poonsak Vatcharakorn, 
20 Apr 1994 (holo NSW; iso BKF, K, L, PE) 

Cycas circinalis subsp. riuminiana var. curranii forma maritima J. Schust., Pflanzenr. 
99: 69 (1932). 

Lectotype (here designated): Philippines, Calusa Island, 29 July 1912, Fenix 15660 (lecto 
K, isolecto L). Schuster cited a number of specimens in his protologue. The specimen 
chosen as lectotype is one that is stated as being a coastal collection. 

Literature: Kurz (1877, as C. ru/np/m), Foxworthy (191 l,as C. circinalis), Merrill (1912, 
as C. circinalis), Merrill (1917, as C. rumphii), Merrill (1918. as C. circinalis), Merrill 
(1921, as C. circinalis ), Merrill (1923, as C. rumphii), Backer (1925, as C. rumphii p.p.), 
Ridley (1925, as C. rumphii), Leandri (1931, as C. rumphii), Ochse (1931, as C. rumphii 
p.p.), Schuster (1932, as C. rumphii p.p.), Kanehira (1938, as C. rumphii p.p.), Ho 
and Duong (1960, as C. rumphii), Suvatabandhu (1961, as C. rumphii). Backer and 
Bakhuizen van den Brink (1963 as C. rumphii p.p.), Smitinand (1971 as C. rumphii), 
Smitinand (1972 as C. rumphii), Zamora and Co (1979 as C. circinalis in part), Amoroso 
(1986 as C. rumphii). Hill and Yang (1999 as C. litoralis). 

Illustrations: Ridley (1925), Schuster (1932 as C. rumphii p.p.), Smitinand (1971), 
Cheng et al. (1975, as C. rumphii). Amoroso (1986, as C. rumphii), de Laubenfels 8c 
Adema (1998), Hill and Yang (1999, as C. litoralis) 

Etymology: from the Latin dentata, toothed, with the Latin prefix e-, without, in 
reference to the megasporophyll apices. 

Vernacular: Malay - kwalepahang (woods on sea shore), Thai - prong thale (sea cycad), 
Ilocano - sauang, sawang, Tagalog - bait, bayit, pitogo (preferred to potago, patubo, 
pitugo or bitogo), Spanish - oliba, oliva (preferred), tdiba, uliva, unidentified lang. - vait 
(Hill 8c Vatcharakorn 1998, Ridley 1893, Amoroso 1986, Schuster 1932, Zamora 8c Co 
1986, Bonta 8c Osborne 2007). 

Stents arborescent, to 10 m tall, to 20 cm diam. at narrowest point, numerous leaves in 
crown. Leaves bright to deep green, highly glossy, 130-230 cm long, flat (not keeled) in 
section (opposing leaflets inserted at 180° on rachis), with 100-200 leaflets, tomentum 
shedding as leaf expands; rachis consistently terminated by paired leaflets; petiole 30- 
90 cm long (20-50% of total leaf), glabrous, spinescent for 5-100% of length; basal 
leaflets not gradually reducing to spines, 120-280 mm long. Median leaflets simple, 
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strongly discolorous, 220-370 mm long, 11-19 mm wide, inserted at 45-80° to rachis, 
decurrent for 5-13 mm, narrowed to 5-8 mm at base (to 35-50% of maximum width), 
12-35 mm apart on rachis; section flat; margins slightly recurved, not undulate; apex 
acute, not spinescent; midrib flat or raised above, raised below, wide. Cataphylls narrowly 
triangular, soft, pilose, 40-70 mm long. Pollen cones narrowly ovoid or fusiform, orange, 
35-60 cm long, 11-17 cm diam; microsporophyll lamina firm, not dorsiventrally 
thickened, 35-44 mm long, 12-23 mm wide, fertile zone 30-35 mm long, sterile apex 
5-6 mm long, level to slightly deflexed; apical spine prominent, sharply upturned, 
9-24 mm long. Seed cones open at pollination, open at seed set. Megasporophylls 
24—50 cm long, white-, yellow-tomentose or brown-tomentose, tomentum persistent; 
ovules 2-8, glabrous; lamina lanceolate, 43-120 mm long, 20-40 mm wide, lateral 
spines short or indistinct; apical spine distinct from lateral spines, 14-40 mm long, 
4-12 mm wide at base. Seeds flattened-ovoid, 45-66 mm long, 35-50 mm wide; 
sarcotesta orange-brown, not pruinose, 3-5 mm thick; fibrous layer absent; sclerotesta 
smooth; spongy endotesta present. 

Historical notes: known since the earliest accounts of the Philippine flora, this 
species was only described by de Laubenfels and Adema in 1998. This taxon has been 
included in C. rumphii by numerous authors, starting with Kurz in (1877), with the 
exception of Foxworthy (1911) and Merrill (1912,1918,1921) as C. circinalis. Schuster 
(1932) described it as C. circinalis subsp. riuminiana var. curranii forma maritima. 
Hill recognised this as a distict taxon in 1995 (Hill 1998) and formally described the 
taxon as C. litomlis in April 1999. De Laubenfels had already described this taxon as 
C. edentata , published in 1998 but with a confused circumscription that included 
C. glauca, C. rumphii and others. 

Distinguishing features: very highly glossy leaves; long spines on microsporophyll 
tips, no or rudimentary teeth on megasporophyll tips, spongy endotesta in seed. 

Distribution and habitat: usually in littoral forests or on beachfronts, widespread and 
locally common in much of south-east Asia (Fig. 1). 

Conservation status: this species occurs in coastal sites that have experienced severe 
pressures from population increase and development. This habitat is also coming 
under increasing pressure for aquaculture sites. Although probably not immediately 
threatened, it is potentially vulnerable in the longer term. Ver 3.1 :IUCN(2001) status is 
DD (Donaldson 2003) for The Philippines. Recommended status would be NT. 

Selected specimens: PHILIPPINES: Balabac: Bancalan Is, Weber s.n., 7.1916 (A). Basilan: 
Klemme FB 15219, Aug 1910 (K, L); Basilan, Hutchinson FB 3441, 10 Dec 1905 (K). Cagayan 
Is: Calusa Is., Fenix BS 15660, 29 Jul 1912 (BM, K, L). Cebu: Lapu Lapu City, Olango Island, 
Mcululid et al. PPI 7622, 20 Mar 1993 (BO). Masbate: Hamoraon Island, Kondo & Edano PNH 
36862, 30 Mar 1957 (L). Mindanao: Prov. Davao, Santa Cruz, Williams2890, 17 Jun 1905 (NY); 
Prov. Davao, between Digas and Santa Cruz, Williams 3058, 29 Jun 1905 (GRAY, K, NY); Davao 
Oriental, Mati district, Mayo Bay, cult, at the House of F.G.R.Dahican (Mayor), Planted 1960’s, 
said to come from nearby now destroyed seaside, Lindstrom AL 06/001, AL 06/002, 29 Feb 2006 
(NSW); Caldera, Wilkesexped. s.n., 1832-1842 (GRAY); Zamboanga Prov., Merrill 11638, Sep 1922 
(A, BO). Mindoro: Bongabon and Pinamalayan, Maliwang 253, 5 Feb-5 Apr 1941 (A). Negros: 
Negros Oriental, Dumaguete district, Secondary seriously destroyed seaside forest, Lindstrom AL 
06/005, 3 Mar 2006 (NSW). Panay: Iloilo, fide Amoroso (1986), no voucher. Palawan: Culion, 
Alava Island, Halsey Harbour, Fernando 1609, 1610, 22 Jun 2001 (LBC); cult. Puerto Princessa 
city, coll, from coastal forest near San Vicente, Fernando 1616, 26 Jun 2001 (LBC). 


142 


Telopea 12(1): 2008 


Lindstrom, Hill and Stanberg 


10. Cycas tiitida K.D.Hill & A.Lindstrom, sp. nov. 

Inter species philippinensis combinatione characterum sequentium distinguitur: 
folia nitida; strobili masculi parvi; microsporophylla apice spinis magnis longioribus 
robustisque; megasporophylla elongata spinis lateralibus prominentibus; fructus non 
spongiosus. 

Type: Philippines, Luzon, seeds from Rapu Rapu Is., E. of Luzon, plant (female) cult. 
Sydney Botanic Gardens, 2006 (holo NSW 728768). 

Etymology: from the Latin nitida , shining, in reference to the extremely glossy 
leaves. 

Stems arborescent. Leaves deep green, highly glossy, 150-180 cm long, flat (not 
keeled) in section (opposing pinnae inserted at 180° on rachis), with 160-200 leaflets 
tomentum shedding as leaf expands; petiole 30-60 cm long, glabrous, spinescent for 
50% of length; basal leaflets not gradually reducing to spines, 270 mm long. Median 
leaflets simple, strongly discolorous, 270-370 mm long, 14-18 mm wide, 12-17 mm 
apart on rachis; section flat; margins slightly recurved; apex acute, not spinescent; 
midrib raised above, raised below. Cataphylls narrowly triangular, soft, pilose. Pollen 
cones fusiform, orange, 16 cm long, 4.5 cm diam.; microsporophyll lamina firm, not 
dorsiventrally thickened, 37-44 mm long, 12-23 mm wide; apical spine prominent, 
sharply upturned, 13-23 mm long. Megasporophylls 24-34 cm long, brown-tomentose; 
ovules 2-4, glabrous; lamina lanceolate, 43-60 mm long, 20-30 mm wide, distinctly 
dentate; with 8-16 lateral spines, pungent, 3-5 mm long; apical spine distinct from 
lateral spines, 14-20 mm long. Seeds flattened-ovoid, 55-66 mm long, 45-50 mm wide; 
sarcotesta orange-brown; fibrous layer absent; sclerotesta smooth; spongy endotesta 
present. Fig. 6. 

Distinguishing features: very highly glossy leaves; small male cones, long spines on 
microsporophyll tips, distinct teeth on megasporophyll tips, spongy endotesta in 
seed. 

Distribution and habitat: Philippines only, usually in littoral forests on the north and 
east of Luzon island (Fig. 1). 

Conservation status: this species occurs in coastal sites that have experienced severe 
pressures from population increase and development. This habitat is also coming 
under increasing pressure for aquaculture sites. Although probably not immediately 
threatened, it is potentially vulnerable in the longer term. Recommended Ver 
3.1:IUCN(2001) status would be NT. 

Selected specimens: PHILIPPINES: Luzon: Alabat Island, Ramos & Edaiio BS 48310, Sep-Oct 
1926 (LE, NY); Tabayas Prov., Curran 10319, 4.1908 (NY); Prov. Dalupir Is, Babuyan group, 
19°10'N 121°15'E, Bartlett 15158, 31 Oct-5 Nov 1935 (A). Polillo: fide Amoroso (1986), no 
voucher. Cult.: male and female plants, S.J. Walkley, Burpengary, seeds from Rapu Rapu Is., E. 
of Luzon, Walkley s.ti. (NSW 728765, 728767, 731813); male plant, Sydney Botanic Gardens 
(NSW 930437,619428) 
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Fig. 6. Cycas nitida. a, sketch of habit (from digital image of S.J. Walkley cult, plant), b, immature 
female sporophyll (from NSW 728765). c, mature sporophyll (from NSW 731813). d, e, male 
sporophyll (d, e, from NSW 728767). f, part of leaf, g, cross-section of leaflet (f, g, from NSW 
728765). Scale bar: a = no scale, b,c = 6 cm, d,e = 2 cm, f = 10 cm, g = 1 cm. 





















144 


Telopea 12(1): 2008 


Lindstrom, Hill and Stanberg 


Acknowledgments 

Mr. Kampon Tansacha the owner and Director of Nong Nooch Tropical Botanical 
Garden, Thailand is most gratefully acknowledged for his relentless encouragement 
and full sponsorship of the field trips. The Slade Foundation of Sydney is also thanked 
for assistance with travel and field studies. Stan Walkley, Wes Field and Mick Balaam 
from Plantation 2000 are thanked for cultivated material of C. nitida. We would also 
like to thank Dr. Edwino Fernando of the University of The Philippines, Los Banos. 
The staff of the Royal Botanic Gardens, Sydney, have been of invaluable assistance, and 
this would not have been published without them. Peter Wilson is thanked for assisting 
with the Latin and also for his helpful comments on the manuscript. Jeremy Bruhl is 
most gratefully thanked for locating type specimens (on short notice!) at Kew while 
Australian Botanical Liason Officer. Catherine Wardrop and Lesley Elkan are thanked 
for the illustrations. 


References 

Amoroso VB (1986) Morphological study of the sporophylls of Philippine Cycas. Philippine 
Journal of Science 115(3): 177-198. 

Bonta M 8c Osborne R (2007) Cycads in the Vernacular. In Vovides, A. et. al.(eds) Proceedings 
of the Seventh International Conference on Cycad Biology. Memoirs of New York Botanical 
Garden Vol. 97 (in press). 

Brown WH 8c Kienholz R (1925) Cycas chamberlainii, a new species. Philippine Journal oj Science 
26: 47-52. 

De Candolle AP (1868) Cycadaceae. Pp. 522-548 in de Candolle AP (ed.) Prodromus Systematis 
Naturalis Regni Vegetabilis 16(2). (Masson: Paris) 

De Laubenfels DJ 8c Adema F (1998) A taxonomic revision of the genera Cycas and Epicycas gen. 
nov. (Cycadaceae). Blumea 43: 351-400. 

Dehgan B 8c Yuen CKH (1983) Seed morphology in relation to dispersal, evolution and 
propagation of Cycas. Botanical Gazette 144(3), 412-418. 

Donaldson JS (2003) (ed.) Cycads. Status Survey and Conservation Action Plan. IUCN/SSC 
Cycad Specialist Group. (IUCN: Gland and Cambridge) 

Fosberg FR 8c Sachet M-H (1975) Flora of Micronesia, 1: Gymnospermae. Smithsonian 
Contributions to Botany 20: 1-15. 

Foxworthy FW (1911) Philippine gymnosperms. The Philippine Journal of Science 6(3): 
149-152. 

Hill KD (1993) abstract. Pp 15-16 in Programme for Cycad 93 Third International Conference 
on Cycad Biology. (Pretoria). 

Hill KD (1994) The Cycas rumphii complex ( Cycadaceae ) in New Guinea and the Western Pacific. 
Australian Systematic Botany 7(5): 3-567. 

Hill KD (1995) Infrageneric relationships, phylogeny and biogeography of the genus Cycas 
(Cycadaceae). Pp. 139-162, in Vorster P (ed.) CYCAD 93, The 3rd International Conference 
on Cycad Biology, Proceedings. (Cycad Society of South Africa: Stellenbosch). 

Hill KD (1998) The Cycad Pages, Royal Botanic Gardens Sydney, http://plantnet.rbgsyd.nsw. 
gov.au/PlantNet/cycad/index.html 

Hill KD (2004a) Character evolution, species recognition and classification concepts in the 
Cycadaceae. Pp. 23-44 in Walters T 8c Osborne R (eds) Cycad classification concepts and 
recommendations. (CABI Publishing: Wallingford) 

Hill KD (2004b) An analysis of morphological characters used in classification of the Cycadaceae. 
Pp 6-29 in Lindstrom AJ (ed.) The Biology, Structure & Systematics of the Cycadaks Proceedings 
of the Sixth International Conference on Cycad Biology, Thailand, 29 July-3 Aug, 2002. 
(The Nong Nooch Tropical Botanical Garden: Sattahip) 


Cycas (Cycadaceae) in the Philipinnes 


Telopea 12(1): 2008 


145 


Hill KD (2008) The genus Cycas (Cycadaceae) in China. Telopea 12(1): 71-118. 

Hill KD & Yang S-L( 1999) The genus Cycas (Cycadaceae) in Thailand. Brittotiia 51(1): 48-73. 
HowardFW,Hamon A,McLaughlin M &WeisslingT (1999) Aulacaspisyasumatsui (Homoptera: 
Sternorrhyncha: Diaspididae), a scale insect pest of cycads recently introduced to Florida. 
Florida Entomologist 82:14-27. 

IUCN (2001). IUCN Red List Categories and Criteria : Version 3.1. IUCN Species Survival 
Commission. (IUCN: Gland and Cambridge) 

Jarvis CE, Barrie FR, Allan DM & Reveal )L (1993) A list of Linnaean generic names and their 
types. Rcgnum Vegetabile 127, 1-100. 

Lemaire C (1864) L’lllustration Horticole vol XI: (F & E Gyselynck: Gand) 

Lindstrom AJ & Hill KD (2007) The genus Cycas (Cycadaceae) in India. Telopea 11(4): 463-488. 
McNeill), Barrie FR, Burdet H-M, Demoulin V, Hawksworth DL, Marhold K, Nicholson DH, 
Prado I, Silva PC, SkogJE, Wiersema JH & Turland NJ (2006) International Code of Botanical 
Nomenclature (Vienna), adopted by the Seventeenth International Botanical Congress, Vienna 
,Austria, July 2005. Regnum Vegetabile 146. (Gantner: Ruggell) 

Madulid DA & Agoo EMG (2005) A new species of Cycas (Cycadaceae) from the Philippines. 
Blumea 50(3): 519-522. 

Merrill ED (1912) A Flora of Manilla. (Bureau of Science: Manila) 

Merrill ED (1917) An Interpretation ofRumphius’s Herbarium Amboinense. (Bureau of Science: 
Manila). 

Merrill ED (1918) Species Blancoanae. (Bureau of Science: Manila) 

Merrill ED (1921) A bibliographic enumeration of Bornean plants. Journal of the Straits Branch 
of the Royal Asiatic Society, Straits, Special No. (Fraser & Neave: Singapore) 

Merrill ED (1923) An enumeration of Philippine flowering plants, vol. 1. (Bureau of Science: 
Manila) 

Merrill ED (1936) A new Philippine species of Cycas. Philippine Journal of Science 50: 233-239. 
Miquel, F.A.W. ( 1851) Analecta Botanica lndica. (Sulpkc: Amsterdam) 

Miquel FAW (1868) Nouveaux materiaux pour servir a la connaissance des Cycadees. Archives 
Neerlandaises des Sciences Exactes et Naturelles 3(5): 193-254,403-427. 

Pilger R (1926) Cycadaceae. Pp. 44-82 in Engler A (ed.) Die naturlichenpflanzenfamilien, edition 
2, 13. (Duncker & Humblot: Berlin) 

Regel E (1863) Cycas riuminiana Porte. Gartenflora 12: 16-17. 

Regel E (1876a) Cycadcarum Generum Specierumque Revisio. (St Petersburg) 

Regel E (1876b) Cycadearutn Generum Specierumque Revisio. Acta Florii Petropilitani 4: 275- 
320. 

Ridley H (1925) Cycadaceae. Pp. 283-285 in Flora of the Malay Peninsula, 5. (Reeve & Co. Ltd: 
London) 

Schuster J (1932) Cycadaceae. Pp. 1-168, in Engler, A. (ed.) Das Pflanzenreich 99(4,1), 168. 
Walter KS & Gillett III (eds) (1998) 1997 IUCN Red List of Threatened Plants. Compiled by the 
World Conservation Monitoring Centre. (IUCN - The World Conservation Union: Gland) 
Wang DY (1996) Systematic classification and taxonomy. Pp. 9-142 in Wang F-X & Liang H-B 
(eds) Cycads in China. (Guangdong Science and Technology Press: Guangdong) 

Warburg O (1900) Cycadaceae. Pp. 178-181 in Warburg O (ed.) Monsunia. (Engelmann: 
Leipzig) 

Zamora PM & Co L (1986) Guide to Philippine flora and fauna, vol. 2: descriptions ofGymnosperm 
species. (Ministry of Natural Resources 8c University of the Philippines: Quezon City) 


Manuscript received 16 August 2006, accepted 26 November 2007 




























. 





















































Instructions for Authors 


Telopea is published twice a year. It covers systematic botany in Australia and the Asia-Pacific region specialising in the flora 
of New South Wales. Short Communications are welcome (see previous issues for format). 

Deadlines for the submission of papers for the next two issues can be found at http://plantnet.rbgsyd.nsw.gov.au/Telopea/ 
auth.php. 

Authors are expected to have their papers peer-reviewed before submission. All papers will be refereed. Supply full contact 
details for main author. Electronic submission is preferred; please see http://plantnet.rbgsyd.nsw.gov.au/Telopea/auth.php for 
more detailed instructions on submission. 

Formatting 

• Thetitleshouldbeexplicitanddescriptiveofthecontent;ashortrunningheadandanabstract(exceptforShortCommunications) 
should be included. 

• Checkmostrecentissueforformat.TheMacquarieDictionary,latestedition,andtheStyleManualforAuthors,EditorsandPrinters, 
latest edition, should be consulted for spelling, abbreviations, units and other conventions. 

• Referencesinthetextshouldbemadebygivingtheauthor'snamewiththeyearofpublicationinparentheses.Forreferencelistat 
end of paper see papers in the latest issue for style. Titles of journals should be given in full. 

• An index to taxa is useful if the paper is large and deals with many species and synonyms.The author should prepare the basic 
alphabetic listing including all names in recent use. 

Citations 

• CiteType details in full, giving details from protologue and from specimen label separately if there are important differences. 
Type citations should be in a consistent format, e.g: Type: New South Wales: North Western Plains: 10 km W of Moree 

(29°08'S 129°48'E), B.Wiecek 1250, 2 Jan 1989; lecto NSW (Weston 1990: 21); isolecto K, MO. 

• Citenomorethan20(exceptforverywidelydistributedspecies)andarrangebyBotanicalDivisions.Useacceptedformat:locality, 
collector&number,date(herbariumcodeplusinstitutionalnumberifthereisnocollector'snumber)Only latitudesandlongitudes 
on the original labels should be included. Give dates in the following format: 12 Jan 1987, 2 Jun, 30 Jul, 10 Dec etc. 

Supply of Artwork 

• In the finished journal, we do not allow figures to extend beyond the journal margins. 

• Captionsandscalebarsforfiguresshouldbecheckedagainsttheartworkforconsistency.lfscalebarsorletteringneedtobeadded, 
theyshouldbedearlymarkedonaphotocopyoftheartwork.Measurementsofscalesbarsshouldbeprovidedinmillimetres.The 
use of 'Times magnification' for scale is discouraged because layout can affect final size. 

• Line Art @1200 dpi, Greyscale Art @300dpi resolution in eps or tiff format please—cdx, pict, bmp, wmf will not be accepted. 
Authors wishing to submit other types of files will need to contact the General Editor. 

• Files from ArcView 3.1 are acceptable if exported from the layout as Postscript New (eps) at 720 dpi resolution. This must 
be specified in the options box. 

• At theaboveresolutions, graphicfilesize will usually exceed 1.2 Mb and therefore will not transport via email or on a floppy disk. 
Please supply graphics either on a 100 Mb zip disk or burnt to 650 Mb CD. Macintosh platform preferred. 

• GraphicsembeddedinMicrosoftWord, ExcelandPowerPointwillnotbeaccepted.ltemsshouldbesavedinthegraphicformatstiff 
and eps as for Line art and Greyscale art. 

Artwork supplied as hard copy only 

• ArtworksuppliedshouldbenolargerthanA4(21cmwide).AnylargerimagesshouldbebroughttotheattentionofScientificEditor 
to see if they need to be outsourced or reduced. 

• Hard copy Artwork should be complete and legible as no changes to hard copy artworkcan be made post scanning. Any images 
requiring special treatment (eg old maps) should be brought to the attention of the Scientific Editor prior to acceptance of the 
paper. 

Tables 

• Tables should preferably be portrait rather than landscape shape(i.e. taller rather than wider). Column headings should 
be brief. Each table must be referred to in the text and its approximate position should be indicated in the margin of 
the manuscript. 






Telopea 

Journal of Plant Systematics 


12 ( 1 ): 1-145 • 2008 

ISSN 0312-9764 


CONTENTS 

Large indels obscure phylogeny in analysis of chloroplast 

DNA (frnL-F) sequence data: Pomaderreae 

(Rhamnaceae) revisited Jurgen Kellermann and Frank Udovicic 

Byblisguehoi (Byblidaceae), a new species from the Kimberley, 
Western Australia Allen Lowrie and John G. Conran 

A new species and section of Utricularia (Lentibulariaceae) from 
northern Australia 

Allen Lowrie, Ian D. Cowie and John G. Conran 

From populations to communities: understanding changes in 
rainforest diversity through the integration of molecular, 
ecological and environmental data 

Maurizio Rossetto 

Two new species of Commersonia (Malvaceae sensu lato) from 
south-eastern Australia 

Carolyn F. Wilkins Lachlan M. Copeland 
and Barbara A. Whitlock 

The genus Cycas (Cycadaceae) in China K.D. Hill 

The genus Cycas (Cycadaceae) in The Philippines 

A.J. Lindstrom, K.D. Hill and L.C. Stanberg 


1-22 

23-29 

31-46 

47-58 

59-69 

71-118 

119-145 


http://plantnet.rbgsyd.nsw.gov.au/Telopea 



